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1.0 INTRODUCTION

The Boeing Developmental Center BDC is regulated facility under the Resource Conservation

and Recovery Act RCRA The U.S Environmental Protection Agency EPA identification number for

the facility is WAD-09363-9946 Under its RCRA corrective action authority EPA conducted RCRA

Facility Assessment RFA in 1994 to identify solid waste management units SWMUs and areas of

concern AOCs at the site SAIC 1994 The RFA identified 157 SWMUs and AOCs and provided

preliminary assessment of the potential for release of hazardous constituents to the environment at each

area SAIC 1994 summary of the SWMUs and AOCs is provided in Table

The Washington State Department of Ecology Ecology has authority delegated from EPA to

implement RCRA corrective action through the Model Toxics Control Act MTCA regulations

Washington Administrative Code 173-340 and has assumed the oversight role of the corrective

action activities at the BDC The Boeing Company Boeing is addressing the SWMUs and AOCs

through Ecologys voluntary cleanup program under MTCA

1.1 STATEMENT OF PURPOSE

Corrective action investigation and remediation activities have been performed at number of

SWMUs and AOCs primarily associated with former underground storage tanks USTs or sunips In

addition several RCRA waste management areas have been clean-closed in accordance with RCRA

requirements The purpose of this document is to provide an overview of these activities and to document

the current status of each SWMU and AOC

1.2 REPORT ORGANIZATION

The remainder of this report consists of the following

Section 2.0 describes the physical characteristics of the facility including the facility setting

facility background and land use surrounding the site Also included in this section is

discussion of geology and hydrogeology both regional and site specific Background water

quality surface water and groundwater-surface water interaction are also described in this

section

Section 3.0 presents
discussion of site screening standards The selection of preliminary

groundwater and soil screening levels and the points of compliance are described in this

section

Section 4.0 is summary of SWM1Js and AOCs including SWMUs-15 16 17 20 23-25

and 43 and AOCs-0l through 05 Within each summary of SWMU or AOC are description

of the SWTvIU or AOC summary of corrective action and current status

2/27102 S\WPROC\025\093\Swnmaly Rcport_02.27-02.doc
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Section 5.0 Summary of Corrective Action Status

Section References

Appendices

Appendix contains summary tables of soil and groundwater data for the

SWMUs and AOCs discussed in Section 4.0

Appendix is technical memorandum providing an evaluation of the pump and

treat remedial system currently in operation at SWMU-20

Appendix contains No Further Action notices from the Washington State

Department of Ecology
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2.0 PHYSICAL CHARACTERISTICS OF THE FACILITY

2.1 FACILITY SETTING

The BDC is located at 9725 East Marginal Way South in Tukwila Washington Figure The

facility consists of approximately 60 buildings on 164.4 acres of property Figure Boeing owns

94.5 acres and leases the remaining 59.9 acres SAIC 1994

The BDC is primarily an aircraft and aerospace research and development complex with most of

the work supporting Department of Defense projects Past projects at the BDC have included

research on supersonic transportation and development of military aircraft SAIC 1994

2.2 FACILITY BACKGROUND

Boeing has been operating on portions of this site continuously since 1956 Figure presents the

site location map and Figure presents the current facility boundary map

Prior to about 1918 when the U.S Army Corps of Engineers USACE channelized the

Duwamish Waterway the site was farmland The earliest known commercial operations at the site began

in 1927 when Prankratz Lumber Company sawmill Washington Compressed Gas Company

welding supply company and Associated Packing Company stockyard and meat-packing plant

occupied portions of the site Washington Compressed Gas Company occupied the northern portion of

the site generally in the area of Building 9-04 Associated Packing Company was southwest of the

welding company and Prankratz Lumber Company was southwest of the stockyard and adjacent to the

Duwamish Waterway By 1947 warehouse of modular home components and an office building

occupied the location of Washington Compressed Gas Company Associated Packing Company closed in

1956 and Prankratz Lumber Company closed between 1958 and 1963 The only known waste associated

with these businesses was scrap wood pile that was in the southwestern corner of Prankratz Lumber

Companys property SAIC 1994

By 1938 Monsanto Fund purchased the northern 38 acres of the BDC site Monsanto Fund

leased the property to tenants of warehouse and office buildings American Winegrowers Association

Dallas-Mavis granary and Slip No In 1938 winery owned by the American Winegrowers

Association occupied the property south of Washington Compressed Gas and adjacent to East Marginal

Way The winery expanded in 1946 and again in 1968 until it occupied 60000 ft2 The winery closed in

the mid-i 970s There were two 1000 gal underground concrete settling tanks associated with the winery

that were removed from the site SAIC 1994 Dallas-Mavis commercial trucking operation occupied

the location of the 9-04 building and the adjacent parking lot areas part of the former winery until 1989

2/27/02 S\WPROC\025\093\Summary Repoit_02-27-02.doc LANDAU ASSOCIATES
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77000 ft2 granary was located north and west of the winery It ceased stonng grain in 1973 and

functioned as warehouse until 1985 SAIC 1994

The Port of Seattle purchased the Monsanto property and took over the leases in 1976 They

leased the northeastern acres in two 2.5 acre parcels to Transport Pool International and Kenworth

Truck Company for parking and storage Isaacson Steel leased the former granary for storage

Terminal 128 Corporation leased Slip No and intended to develop the slip as marina However the

development of the marina did not occur and the Port of Seattle sold the property to Boeing in 1985 The

only known waste associated with these businesses was from the Terminal 128 lease In February 1984

the Port of Seattle notified Terminal 128 Corporation that three Iransformer vaults had illegal hook-ups

and that the associated sumps contained debris that was making them inoperable There were also oil and

chemical leaks and spills Terminal 128 Corporation hired contractor to remediate the leased property

to the Port of Seattles satjsfaction SAIC 1994

In the mid-I 93 Os the southeastern portion of the property was occupied by grocery store and

gasoline station The gas station only operated for short time period portion of the grocery store

building was leased and occupied by tavern and warehouse The building was destroyed by fire in

the l940s SAIC 1994

Pamco construction company owned and operated construction yard and commercial parking

lot in the area of the BDC south parking lot The Pamco construction yard closed in 1955 Boeing has

long-tenn lease on the parking lot Between 1958 and 1963 Pro Gas propane distributor was located

adjacent to East Marginal Way in the south half of the site

Due to the nature of the aerospace industry the BDC facility is large complex facility with

activities changing over time Activities that have occurred at the BDC facility include manufacturing of

airplanes and missiles which involves machining metal aircraft hardware electroplating chemical

milling conversion coating painting parts cleaning and assembly The machining assembly painting

and cleaning processes have taken place since 1957 However they have declined since the 980s when

graphite composite fabrication began The electroplating chemical milling and conversion coating

processes were used primarily during the 1960s and 1970s SATC 1994

Research and development activities have been part of the BDC operations with substantial

emphasis placed on these activities between 1957 and the early 970s Experimental manufacturing

shops and research laboratories were used to investigate production aspects of materials and processes for

manufacturing There were also laboratories to investigate metals technology and electronics sciences

SAIC 1994

2/27/02 S\WPR0002S\093\Sunimary Repott_02-27-02doc
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2.3 LAND USE

The land use surrounding the BDC is primarily industrial and commercial The BDC is located

within large contiguous industrial land use area which extends from Harbor Island to near the head of

navigation of the Duwamish Waterway This zone represents one of the largest contiguous industrial

areas within Washington state The Military Flight Center and Museum of Flight are east of the BDC

immediately across East Marginal Way South with Boeing Field King County Airport further east The

Duwamish Waterway forms the southern and western boundaries of the site and also forms part of the

northern boundary where Slip No separates the site from the former Rhone Poulenc Company chemical

manufacturing facility to the north SAJC 1994 Figure

2.4 GEOLOGY

This section provides description of the regional geology for the area and the local geology

underlying the site The regional geology is based on the regional conceptual model of the Puget Sound

lowland as documented in Dragovitch et al 1994 and Galaster and Laprade 1991 among others The

local geology has been interpreted from lithologic descriptions of subsurface soil collected from logs of

soil borings and monitoring wells drilled at the BDC or at adjacent properties between the years of

1967 -2001

2.4.1 REGIONAL GEOLOGY

The BDC is located within the Duwamish Valley lowland along the floodplain of the Duwamish

Waterway The Duwamish/Oreen River Valley is relict subglacial meltwater channel eroded during the

retreat of the Puget lobe of the most recent glaciation Vashon Stade of the Fraser Glaciation about

14000 years ago With the retreat of the lobe the Duwamish/Green River Valley was occupied by deep

embayment of Puget Sound that extended inland to near present day Sumner Washington Marine

sedimentation occurred in the embayment until about 5000 years ago when large volcanic mudflow off

of Mount Rainier known as the Osceola Mudflow swept down the Puyallup and Whiter River Valleys

partially spilling into the Duwamish/Green River valley and out into Puget Sound The mudflow traveled

northward down the ancestral Duwamish/Green River valley to near present day Tukwila and the location

of the BDC Subsequent channel incision and erosion resulted in increased sediment loads river

aggradation and delta progradation that eventually filled the valley with freshwater sediments Within the

last 100 years the natural Duwamish Channel has been filled to create the present day morphology The

BDC is located adjacent to one of these channel fill structures Bortleson Ct al 1980
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The general stratigraphic sequence within the Duwamish Valley lowland consists of recent

Holocene 10000 yrs to present alluvial deposits overlying Pleistocene 10000 to 2000000 years

before present glacial deposits The Holocene alluvial deposits are typically over 250 ft thick in the

valley the thickness of the glacial deposits is unknown but appears to be thin in places Underlying the

glacial deposits are deeper Tertiaiy sedimentary and volcanic rocks In the vicinity of Tukwila and the

BDC Tertiary bedrock outcrops near the surface associated with uplift along the Seattle fault

Yount et al 1985 In the vicinity of the BDC the combined thickness of the marine sediments and

freshwater Duwamish River alluvial sediments may be about 100 It but probably varies locally due to the

buried bedrock topography

2.4.2 SITE GEOLOGY

Prior to the construction of the Duwamish Waterway by the USACE in about 1918 the

Duwamish River meandered through the site area At that time the BDC site was situated on the inner

curve of an old meander ioop of the Duwamish River In about 1918 the loop was filled in with dredge

spoils from the dredging of the current Duwamish Waterway Bortleson et al 1980 The geologic units

encountered beneath the site include fill underlain by Duwamish River alluvium underlain by marine

sediment Fill material has been encountered at the BDC in the upper to 10 ft below ground surface

BGS and generally consists of brown fine to medium sand with occasional gravel and silt

Beneath the fill material is an approximately 30- to 40-ft thick layer of naturally deposited

Duwamish River alluvium The uppermost portion of this alluvium consists of brown and gray sand and

silt with occasional red mottling This portion of the alluvium is often difficult to distinguish from the

overlying fill material At approximately 10 to 20 ft BGS the alluvium becomes dark gray fine to

medium sand characteristic of reworked Osceola Mudflow deposits This sand becomes increasingly silty

with depth In the northern portion of the BDC near Building 9-77 2- to 8-ft thick layer of black

gravelly coarse sand is present beginning at approximately 20 ft BGS elevation 13 ft National

Geodetic Vertical Datum NGVD At the northwest corner of Building 9-101 to ft thick layer of

silt and silty sand is present beginning at about 30 ft BGS elevation 18 ft NGVD
The freshwater Duwamish River alluvium is underlain by marine sediments consisting of

massive dark gray silt and silty clay overlying coarser sand deposits The top of the siltlclay is generally

encountered at approximately 50 ft BGS and is approximately 20- to 30-ft thick The silt layer appears to

be laterally contiguous across the site The top of the marine sands is generally encountered at

approximately 80 ft BGS Underlying the sand deposit is deeper marine layer of silty gravelly sand

with shell fragments single onsite exploration well MW-14E penetrated through the silt/clay layer

into the marine sand No onsite explorations drilled into the deeper silty gravelly sand Geologic cross
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sections based on historical boring logs are provided on Figures though The location of each cross

section is shown on Figure

2.5 HYDROGEOLOGY

This section provides description of the regional hydrogeology for the area and the local

hydrogeology underlying the site The site hydrogeology has been interpreted from monitoring wells

drilled at the BDC or at adjacent properties between the years of 1967 2001

2.5.1 REGIONAL HYDROGEOLOGY

The Duwamish River is regional lowland stream that represents regional groundwater

discharge zone In the vicinity of the BDC the river is separated from Puget Sound to the west by the

West Seattle and Des Moines Uplands and from Lake Washington to the east by Beacon Hill and the

Skyway Upland Galaster and Lapradel 991 Regional horizontal groundwater flow is from these upland

areas towards the river and Elliot Bay Regional vertical groundwater flow is upward from deep aquifers

towards the river in the valley lowland reflecting groundwater discharge However in the shallow aquifer

groundwater flow in the valley lowland is typically part of local groundwater system with groundwater

flow predominantly horizontal towards the river The portion of the Duwamish River adjacent to the

BDC is tidally influenced which has local temporal effect on groundwater flow

Two municipal supply wells are located approximately Y4 mile west and mile south of the BDC

respectively on the opposite side of the Duwamish River Given their locations neither well would be

expected to be potentially impacted by any constituents in groundwater at the BDC Water rights exist for

domestic and/or irrigation wells in Sections east and south of the BDC however none of these are

located within the two Sections occupied by the BDC T23N R4E Section and T24N R4E Section 33

and the locations are upgradjent or cross-gradient from the BDC groundwater from the BDC flows west

and south to the Duwamish Waterway

2.5.2 SITE HYDROGEOLOGY

Hydrogeology at the site consists of two identified aquifer units separated by an aquitard

consisting of the silt/clay layer at the top of the marine sediment sequence The shallow aquifer is

typically characterized as unconfined saturated Duwamish alluvial sediments Where Duwamish River

alluvium grades silty i.e the northwest corner of Building 9-101 the shallow aquifer exhibits more

semiconfined characteristics The deep confined aquifer consists of marine sand deposits beneath the

silt/clay aquitard The aquifer and aquitard units are discussed in greater detail below

2127102 S\WPROO025093\Summaiy Repoit_02-27-02.doc
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Shallow IJnconfined Aquifer

shallow unconfined aquifer is encountered beneath the site at depth of approximately 10 to

12 ft BGS approximately elevation to ft NGVD The shallow unconfined aquifer is about 40 ft thick

.1 and is segregated into three depth intervals and horizons Landau Associates 1992 Tetra Tech

1996 Groundwater level elevation contours shown on Figure indicate west to northwest horizontal

groundwater flow toward the Duwamish Waterway in the shallow aquifer The horizontal gradient is

approximately 0.0004 to 0.0008 based on June 2001 water level data Figure

distinct discontinuous silt layer is present at approximately 25 ft BGS in the vicinity of the

northwest corner of Building 9-101 Underlying the silt layer is approximately ft of Duwamish River

alluvium This specific area and depth interval was termed the horizon of the shallow aquifer Landau

Associates 1992 Tetra Tech 1996 horizon water levels have larger tidal fluctuations then other

portions of the shallow aquifer indicating the presence of semi confined conditions

Groundwater level elevations in the shallow aquifer appear to vary approximately to ft in

response to tides and seasonal precipitation changes Landau Associates 1987 Tidal influence on the

groundwater levels approximately 0.4 ft was observed in the shallow unconfined aquifer through

horizon in the area of Building 9-101 and SWMU-20 during 45 hour period Tetra Tech 1996

However only minimal up to 0.04 ft groundwater level change was observed in wells at SWMU-17

during 12-hour period Landau Associates 1987 It appears that the tidal influence on groundwater

levels does not extend appreciably east of SWIvIU-20 and AOC-03/04 At the north end of the site

tidally influenced groundwater level fluctuations have been observed in monitoring wells in the vicinity

of Slip No but this affect does not appear to extend south to AOC-0l/02 Landau Associates 1986 In

the horizon tidally influenced groundwater elevation change of approximately 0.75 ft was observed

in the vicinity of SWMU-20 during 45 hour period Tetra Tech 1996

Water levels in adjacent wells which are screened at different depths within the unconfined

aquifer show minor head differences with no consistent trend This indicates there are no strong vertical

gradients within the unconfined aquifer in the vicinity of the site and groundwater flow can be expected to

be primarily horizontal Aquifer transmissivity of 1.91 to 2.28 fi2/min and hydraulic conductivity of

7.5 10.2 to 9.0 10.2 ftlmin 110 to 130 fl/day was calculated from pumping test data Tetra

Tech 1996

Horizontal groundwater velocity measurements were calculated from hydraulic gradient

hydraulic conductivity and porosity estimates using Darcys law The hydraulic gradient at the site is

approximately 0.0004 to 0.0008 ft/fl the hydraulic conductivity has been estimated to be approximately
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is typically in contact with the salt wedge except when very low tides and very high stream discharges co

occur During these infrequent events of co-occurrence the groundwater flow from BDC is expected to

have minimal contribution to total Duwamish Waterway stream flow The Duwamish Waterway water

column adjacent to the BDC at zero tide consists of an approximately upper 10 ft of brackish water and

lower 20 ft of salt water Landau Associates 1986 The Duwamish Waterway discharges at an annual

average rate of 1660 ft3 per second into Elliott Bay SAIC 1994 The lowest flows typically occur in

August and the highest flows in December and January

2.7 GROUNDWATER-SURFACE WATER INTERACTION

The Duwamish Waterway is point of discharge for groundwater from the unconfined aquifer

As discussed in Section 2.5 groundwater in the unconfined aquifer flows toward the waterway and

groundwater levels are affected by tidal fluctuations in the surface water
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3.0 SITE SCREENING STANDARDS

This section presents the development of screening standards for groundwater and soil at the

BDC based on requirements under Ecologys revised MTCA regulations that became effective

August 15 2001 Preliminary screening levels are discussed in Section 3.1 Points of compliance for the

preliminary screening levels are discussed in Section 3.2

3.1 SELECTION OF PRELIMINARY SCREENING LEVELS

Preliminary groundwater screening levels were developed based on protection of surface water

Preliminary soil screening levels were developed for protection of human health assuming direct contact

with the soil and protection of groundwater using the fixed parameter three-phase leaching model

described in WAC 173-340-7474 Ecology 2001a

3.1.1 PRELIMINARY GROUNDWATER SCREENING LEVELS

Groundwater at the BDC meets the criteria listed in WAC 173-340-7202d for classification as

nonpotable water for purposes of preliminary screening level development Each of the criteria is

discussed below

The groundwater does not serve as current source of drinking water and it is unlikely

that hazardous substances will be transported from the contaminated groundwater to

groundwater that is current or potential future source of drinking water As described

in Section 2.5.1 there are no known municipal or domestic water wells either at or within at

least /2 mile of the BDC Two municipal supply wells are located approximately 3/4 mile west

and mile south of the BDC respectively on the opposite side of the Duwamish River

Given their locations neither well would be expected to be potentially impacted by any

constituents in groundwater at the BDC Water rights exist for domestic and/or irrigation

wells in Sections east and south of the BDC however none of these are located within the

two Sections occupied by the BDC T23N R4E Section and T24N R4E Section 33 and

the locations are upgradient or cross-gradient from the BDC groundwater from the BDC
flows west and south to the Duwamish Waterway As described in Section areas of

impacted groundwater are limited in areal extent are decreasing over time through active

remediation and natural attenuation and are contained within the site boundaries

There are known or projected points of entry of the groundwater into the surface water

The BDC is adjacent to the Duwamish Waterway and shallow groundwater at the site flows

southwest or west and discharges to the waterway

The surface water is not classified as suitable domestic water supply source The

Duwamish Waterway adjacent to the site typically consists of brackish water overlying salt

water The Duwamish Waterway adjacent to the site and downstream of the site is not

considered suitable domestic water supply source due to the salinity of the water
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The groundwater is sufficiently hydraulically connected to the surface water that the

groundwater is not practicable to use as drinking water source The unconfined aquifer

fl at the site is hydraulically connected to the Duwamish Waterway as evidenced by the tidal

response observed in site monitoring wells

The groundwater at the BDC meets the criteria for considering the groundwater to be nonpotable

therefore preliminary groundwater screening levels were developed that are protective of beneficial use of

surface water The MTCA Method marine surface water and fresh water screening levels were selected

as the preliminary groundwater screening levels for the site

Preliminary screening levels for marine and fresh surface water were developed for detected

constituents using standard Method in accordance with WAC 173-340-730 3b Ecology 2001a

Preliminary groundwater screening levels were based on the most stringent of federal and state water

quality criteria for protection of marine and fresh water aquatic organisms and human health if available

If no federal or state criteria were available preliminary groundwater screening levels were determined

using the equations in WAC 173-340-730 3biii MTCA Method groundwater levels were used for

total petroleum hydrocarbon TPH diesel-range and gasoline-range petroleum hydrocarbons as there are

no marine surface water values Where analytical methods prevent the reliable detection of constituent

at the concentration defined as the preliminary screening level the preliminary screening level was

adjusted upward to the practical quantitation limit PQL in accordance with 173-340-730 5c
Ecology 1995 Preliminary groundwater screening levels protective of marine and fresh water surface

water are shown in Table

3.1.2 PuLIMINAnY SOIL SCREENING LEVELS

Preliminary soil screening levels were developed using standard Method for industrial

properties in accordance with WAC 173-340-745 The BDC meets the industrial land use criteria in

WAC 173-340-745 1a The BDC is zoned for industrial land use The BDC has been used in the past

and is currently used for industrial purposes It is expected that the BDC will be used for industrial

purposes in the future The land use surrounding the BDC is primarily industrial and commercial The

BDC is located within large contiguous industrial land use area which extends from Harbor Island to

near the head of navigation of the Duwamish Waterway This zone represents one of the largest

contiguous industrial areas within Washington state

The BDC meets the exclusion from terrestrial ecological evaluation requirement based on

WAC 173-340-74911 Impacted soil at the site is covered by buildings and pavement that prevent

plants or wildlife from being exposed to the soil
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Soil screening levels protective of groundwater and direct contact were evaluated in the selection

of preliminary soil screening levels Preliminary soil screening levels protective of groundwater were

calculated in accordance with Ecologys fixed parameter three-phase partitioning model

WAC 173-340-7474 Preliminary soil screening levels protective of direct contact MTCA Method

industrial soil screening levels were also evaluated The levels protective of groundwater and protective

of direct human contact were compared and the more stringent values were selected as the preliminary

soil screening levels Where analytical methods prevent the reliable detection of constituent at the

concentration defined as the preliminary soil screening level the preliminary screening level was adjusted

upward to the PQL in accordance with WAC 173-340-745 6c Ecology 1995 For metals the Puget

Sound Basin natural background 90th percentile values were compared to the preliminary soil screening

levels Ecology 1994 The preliminary soil screening levels were adjusted upward to the natural

background values if the background value was greater than the Method values The MTCA Method

industrial soil cleanup level was used for arsenic which includes an àdjustiient for natural background

The MTCA Method industrial value was also used for polychiorinated biphenyls PCBs and

mixtures and for TPH The preliminary
soil screening levels are shown on Table

3.2 POINTS OF COMPLIANCE

The points of compliance for groundwater at the BDC are throughout groundwater at the site

unless the groundwater screening levels cannot be met at these standard points of compliance within

reasonable restoration time frame In the event that it is determined that the groundwater screening levels

cannot be met at the standard points of compliance Boeing reserves the right to use conditional points
of

compliance in accordance with WAC-173-340-7208 The point of compliance for soil at the BDC is

established in soil throughout the site in accordance with WAC 173-340-745
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40 SUMMARY OF SWMUs/AOCs

41 OVERVIEW

In 1994 RFA was performed to evaluate SWMUs and AOCs at the BDC The RFA identified

157 SWMUs and AOCs which are described in detail in the RFA SAIC 1994 The majority of the

SWMUs have been excluded from further investigation based on determination that they do not pose

threat to human health or the environment Table As shown in Table all of the original 157

SWIVIUs and AOCs except the following have been identified as requiring no further action

SWMU-15 paper shredder Building 9-67

SWIvI1J- 16 former regulated materials storage area Buildings 9-69/70

SWMTJ-17 former sump and USTs Building 9-75

SWs1U-20 formerdegreaser pit Building 9-101

SWMUs-23 through 25 former waste water above ground storage
tanks ASTs

Building 9-10

SWMU-43 storm water sewer system

AOC-01/02 former unleaded gasoline USTs Building 9-52

AOC-03/04 former No fuel oil USTs Buildings 9-50 and 9-72

AOC-05 former unleaded gasoline UST Buildings 9-60 and 9-61

The locations of these SWMIJs and AOCs are presented on Figure Further detail of these

SWMUs and AOCs including description of SWMU or AOC summary of corrective action and current

status of the SWMU or AOC are presented below

4.2 SWMU-15 PAPER SHREDDER BLDG 9-67

4.2.1 DESCRIPTION OF SWMU

SWMU- 15 near Building 9-67 consists of two adjacent paper shredders used to destroy

classified and Boeing Limited documents Figure Papers are ground intofine particles in one of two

shredders that each have an associated baghouse cyclone The particles are then sent to another

baghouse where water is added to produce slurry The paper slurry passes through screw press where

excess water is removed The wetted paper is then loaded into 13 yd3 box and sent offsite to be blended
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with compost Approximately one box of paper is generated each day The paper shredders have been in

operation since 1984 the baghouses were added 1988 SAIC 1994

There has been one documented release of paper slurry waste from SWMU- 15 Approximately

200 gal of paper slurry wastewater were released to storm drain in 1994 The material was captured in

the oil/water separator SAIC 1994

4.2.2 SUMMARY OF CORRECTIVE ACTION

Since the release of process water in 1994 three boxes were purchased for use at Building 9-67

The BDC best management practices BMPs with respect to the paper shredder have been modified as

follows The boxes are lined and covered when not in use to help prevent leakage of debris to pavement

In addition the area around the paper shredder is swept nightly to remove any accumulated debris

Debris from Building 9-67 that cannot be removed by street sweeping and which enters site catch basins

is captured by the storm sewer system oil/water separators The site has several oil/water separators in the

storm sewer system which are inspected quarterly and cleaned out at least annually

4.2.3 CURRENT STATUS

The release of paper slurry waste noted was one-time release of non-hazardous material

Modifications to the BMPs have been implemented to prevent future releases No additional corrective

actions are planned for this unit No further action is recommended for SWMU-15

4.3 SWMU-16 FORMER REGULATED MATERIALS STORAGE AREA

4.3.1 DESCRIPTION OF SWMU

SWMU-16 is former regulated materials storage area located in and adjacent to

Building 9-69/70 Figures and 10 This unit was used to manage regulated waste generated throughout

the BDC facility The unit operated from 1979 to 1992 Building 9-69/70 consisted of six container

storage bays that were used to segregate flammables corrosives and other wastes Lead acid batteries

were also stored in this area

The six curb-enclosed container storage bays were each 18 ft wide by 16 ft deep with 6-inch to

8-inch high curbs on two sides and walls on top of the curbs Figure 11 The bays were enclosed with

metal walls and post-supported canopy roof strip drain ran across the front of each bay and the

inside wall of Building 9-69/70 formed the back side of the bays The bays were arranged such that three

bays faced each other with 5-ft corridor down the center The corridor sloped toward catch basin in
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the center The strip drains emptied into 1000 gal oil/water separator SWMU-35 with shut-off

valve An asphalt paved container storage area behind the building was surrounded by chainhnk fence

on three sides and the building on the fourth side The area inside the fence did not have curbing or

containment structures around its perimeter SAIC 1994 Weston 1997

4.3.2 SUMMARY OF CORRECTIVE ACTION

Ecology approved the RCRA Closure Plan for Building 9-69/70 Container Storage Area

Weston 1993 and Ecology 1993 During June 1996 the building structure was removed Samples of the

concrete slab and surface and subsurface soil beneath the concrete slab and asphalt area were collected

and analyzed for volatile organic compounds VOCs semivolatile organic compounds SVOCs total

PCBs and priority pollutant metals The soil samples contained VOCs SVOCs total PCBs and metals

Soil underneath the concrete slab contained concentrations of total PCBs above the MTCA Method

industrial cleanup level Soil underneath the asphalt contained elevated concentrations of lead

Approximately 800 yd3 of soil were excavated from SWMU- 16 and disposed of at an approved facility

After excavation 11 soil samples from the bottom of the excavation and sidewall samples were

collected and analyzed for YOCs SVOCs total PCBs and priority pollutant metals In accordance with

the Closure Plan the screening criteria for the soil samples was 100 times MTCA Method groundwater

criteria Concentrations of VOCs in the soil samples did not exceed the screening criteria One soil

sample contained concentrations of carcinogenic polycyclic aromatic hydrocarbons cPAlls above the

screening criteria but the elevated concentration appears to be residue from buried treated wood

bulkhead near the sampling location Weston 1997 Concentrations of arsenic beryllium and chromium

were above the screening criteria but within natural background concentrations for the area

Ecology 1994 The concentrations of these metals in the site soil appeared to result from natural

background and not from contamination Three soil samples contained concentrations of total PCBs

above the screening criteria

Additional soil was excavated from the three sample locations that contained total PCB

exceedances The locations were sampled after the excavation One of the three locations did not contain

detectable concentrations of total PCBs 0.03 mg/kg detection limit The mean total PCB soil

concentration in the remaining two locations 0.33 mg/kg was below the screening criteria of mg/kg

established in the Closure Plan

In summary the Building 9-69/70 Container Storage Area was closed in accordance with the

requirements of the Closure Plan All concrete underlying the facility was removed and disposed of

offsite Residual PCB concentrations satisfied the Closure Plan requirements Arsenic beryllium and

chromium were not present in concentrations exceeding background concentrations Weston 1997
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Ecology approved the closure of Building 9-69/70 Ecology 1997 copy of Ecologys approval letter

is included in Appendix

During closure of the Building 9-69/70 Container Storage Area soil was excavated beyond the

boundaries of the storage
unit At the easternmost edge of the excavation sample was collected that

contained 7.1 mg/kg PCB Because this sample was collected beyond the boundaries of the container

storage unit the unit was certified clean-closed and Ecology approved the closure The observed

concentration 017.1 mg/kg is below the MTCA Method industrial cleanup level of 10 mg/kg however

Ecology requested that additional investigation be performed to evaluate whether the PCB detected in soil

was impacting groundwater Boeing submitted work plan on July 25 2000 outlining scope of work

for the requested investigation Boeing 2000 Ecology approved the plan on February 2001

The additional investigation of SWMU-16 included the drilling and sampling of six GeoprobeTM

borings in January 2001 The soil boring locations are shown on Figure 12 Two groundwater samples

were collected from each boring The initial groundwater sample from each boring was collected from

0.5 to 3.5 ft below the top of the water table The second groundwater sample from each boring was

collected from depth of 10.5 to 13.5 ft below the top of the water table IT Corporation 2001

The groundwater samples were analyzed for PCBs which were not detected at the to .tg/L

method reporting limit IT Corporation 2001 The results are summarized in Table Based on the

groundwater sample analytical results it does not appear that PCBs previously detected in the soil have

impacted the groundwater

4.3.3 CuRuENT STATUS

Ecology approved the RCRA closure of the former Building 9-69/70 Container Storage Area

Boeing performed supplemental investigation to verify that residual PCB concentrations in soil in the

area beyond the boundaries of the former storage area are protective
of groundwater PCBs were not

detected in groundwater samples collected during this investigation Based on these results no further

actions are recommended for SWMU- 16

4.4 SWMU-17 FORMER UNDERGROUND STORAGE TANK

4.4.1 DEScRIPTION OF SWMU

SWMU-17 consists of former 67-gal sump and associated 4000-gal steel UST which were

used to store waste hydraulic and engine oil The sump/UST system is designated DC-05 It was installed

in 1957 and was located east of the Building 9-75 water tank The location of SWIvIU-1 is shown on

Figures and 10 and groundwater contours for SWMU-17 are presented on Figure Waste oil

2/27/02 S\WPROC025\093\SUmmaIY Report
02-27-02.dOC

LANDAU ASSOCIATES

4-4

DFT 000980

CBI/ Personal Privacy Information



generated by hydraulic testing shops automotive maintenance shops and various other locations

throughout the BDC was poured into the sump and then flowed into the UST Penodically the waste oil

was pumped from the UST and shipped offsite for treatment and disposal SAJC 1994 The sump and

UST were closed and removed in late March or early April 1986 Landau Associates 1987

4.4.2 SUMMARY OF CORRECTIVE ACTION

Soil samples collected in 1985 in the vicinity of the UST indicated the soil was impacted with

hydrocarbons Norton Conosion Limited Inc 1985 Visual contamination was not observed in the soil

during the UST removal Soil samples collected after the UST removal indicated minor amounts of

hydrocarbon present in the soil Landau Associates 1987

As result of identifying the presence of contaminated soil three monitoring wells BDC-05-1

BDC-05-2 and BDC-05-3 were installed in May or June 1986 Figure 13 Landau Associates 1987

One soil sample from depth of approximately 10 ft BGS in the boring for well BDC-05-2 was

analyzed for VOCs and priority pollutant metals Analytical results for detected constituents are

presented in Table The soil sample contained methylene chloride acetone toluene total xylenes and

metals However the concentrations of all detected constituents were below the preliminary soil

screening levels with the exception of copper The maximum concentration of copper 41 mg/kg was

above the preliminary soil screening level of 36 mg/kg which is based on the 90th percentile

concentration in soil for Puget Sound basin Table However the measured concentration is less than

two times the preliminary soil screening level and is also within the Puget Sound Basin natural

background range of to 243.5 mg/kg Ecology 1994 Methylene chloride in the soil sample appears to

be result of laboratory contamination as it was detected in the lab blank at similar concentrations as the

soil sample Landau Associates 1987 The presence of trace levels of toluene and total xylenes with the

absence of benzene and the detection of acetone may suggest low levels of non-chlorinated solvent

contamination rather than hydrocarbon contamination Landau Associates 1987

Following installation of the groundwater monitoring wells one groundwater sample was

collected from each well and submitted for analysis of VOCs and priority pollutant
metals Additional

groundwater samples were obtained from monitoring wells BDC-05-2 and BDC-05-3 in November 1986

Shortly thereafter monitoring well BDC-05-2 was inadvertently destroyed during construction of

Building 9-64 Boeing replaced the destroyed well and installed several additional monitoring wells to

further define the extent and probable source of contamination associated with tank DC-05

Landau Associates 1987 Monitoring wells BDC-05-2A BDC-05-4 BDC-05-5 and BDC-05-6

Figure 13 were installed in January 1987 and sampled in early February 1987 In March 1987 an

additional monitoring well BDC-05-7 was installed adjacent to and downgradient of the former tank
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location Figure 13 In December 1987 Ecology requested that additional groundwater sampling be

conducted Monitonng wells BDC-05-1 BDC-05-2A BDC-05-3 and BDC-05-7 were sampled in

February 1988 and the samples were analyzed for VOCs bis2-ethylhexylphthalate and metals

chromium copper nickel and zinc In August 1988 Ecology stated that no further work was required

at this site and that the monitoring wells could be abandoned Ecology 1988 In January 1995

monitoring well BDC-05-01 was abandoned during storm sewer relocation project Monitoring well

BDC-05-06 was abandoned prior to soil excavation activities related to closure of SWMU-l From

1996 to 2001 groundwater samples from the five wells BDC-05-2A BDC-05-3 BDC-05-4 BDC-05-5

and BDC-05-7 were collected approximately annually and analyzed for VOCs TPH and metals

Detected metals concentrations for groundwater samples collected since January 1998 are

summarized in Table Arsenic cadmium copper and lead were detected at concçntrations exceeding

the preliminary screening levels In general the exceedances of preliminary screening levels for metals

were infrequent with the exception of copper Copper was detected at maximum concentration of

44 tgfL compared with the preliminary screening level of 3.4 p.gIL for marine water and 8.9 g/L for

fresh water TPH was not detected above the detection limit 250 gfL Detected VOCs for samples

collected since January 1998 are summarized in Table Tetrachloroethene PCE is the only VOC

detected at concentrations exceeding the preliminary screening level During the most recent sampling

event December 2001 the maximum observed concentration of PCE was 8.2 jig/L which is below the

preliminary screening level of tg/L complete summary of groundwater data for SWMIJ-17 is

provided on digital media compact disc in Appendix

In the December 2001 groundwater monitoring event split samples were sent to Analytical

Resources Inc ABJ of Seattle Washington to confirm the concentrations of metals that had been

observed in previous samples Metals concentrations in the ARI samples were significantly lower

indicating that the elevated concentrations of metals in previous samples may be inaccurate Semi-annual

groundwater sampling will continue to monitor metals to confirm the lower concentrations Analytical

results for the original and split samples are presented in Appendix

4.4.3 CURRENT STATUS

Under the groundwater monitoring program the monitoring wells BDC-05-2A BDC-05-3

BDC-05-4 BDC-05-5 and BDC-05-7 are currently sampled semi-annually for VOCs diesel-range

petroleum hydrocarbons and metals Boeing 2001
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45 SWMU-20 FORMER DEGREASER PIT BLDG 9-101

45 DESCRIPTION OF SWMU

SWMUs-20 through 22 the former degreaser pit SWMU-20 and sumps No

SWMU-21 and Sump No SWMIJ-22 in the tank line were associated with the vapor degreaser and

the anodizing tank line respectively and were located in the northwest corner of Building 9-101

Figure 14 Onginally there was an 5-ft deep degreaser pit that was ft wide by 22 ft long with an

adjacent plating line sump Sump that was 6.6 ft deep 6.3 ft long and 7.3 ft wide The degreaser pit

and sumps were used from about 1956 to 1984 Landau 1990a In 1967 new sump pit was added that

was 6.3 ft deep ft long and ft wide The former degreaser pit and sumps were concrete lined The

degreaser pit was used as containment for solvents PCE and trichloroethene TCE used in

the degreaser The base of the degreaser pit was about 10 ft BGS and sloped toward Sump No which

was about 13 ft BGS Sump No drained into Sump No The two sumps were used to contain and

accumulate wastewater contaminated with acid alkaline and metals from the anodizing plating line

After chemical testing liquid waste was pumped from Sump No to either tank truck for disposal by

waste hauler or to the METRO Sewer System Elementary neutralization was performed on the

wastewater prior to discharge to the sanitary sewer SAIC 1994

The degreaser pit and sumps were closed in 1984 All tanks piping and other equipment were

removed The degreaser pit and sumps were backfllled with compacted sand backfill material and capped

with 10-inch thick concrete slab All openings through the walls and floor were plugged

Landau Associates 990a

4.5.2 SUMMARY OF CORRECTIVE ACTION

In 1989 approximately 1400 tons of soil contaminated with PCE and TCE were removed from

the area of the former degreaser pit and sump area during structural upgrade project of Building 9-101

Six soil samples were collected from test pits in Phase investigation during June 1989 Water was

observed at the base of the excavation in two test pits to 29 inches above the depth of the concrete floor

of the degreaser pit Soil and water samples were analyzed for VOCs SVOCs metals and cyanide Soil

samples were collected from the area of subsequent excavation and therefore analytical results for VOCs

and SVOCs are not presented in this report The soil metals results from Phase are presented in

Table 8a Although most or all of the soil represented by these samples was excavated the results are

included to document that metals were not present at concentrations above preliminary screening levels

Phase II investigation was performed in August 1989 65 soil samples were collected from borings and

24 monitoring wells were installed in the vicinity of the former degreaser pitlsump area Soil samples
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were submitted for analysis of VOCs SVOCs TPH and PCBs Groundwater samples were collected and

analyzed for VOCs and TPH Phase III mvestigation was completed in February 1991 which included

soil sampling and installation of 13 monitoring wells Soil samples were analyzed for VOCs

Groundwater samples from the 24 existing monitoring wells and 13 additional monitoring wells were

collected and analyzed for VOCs Subsequent investigations confirmed the presence of chlorinated VOCs

in the groundwater Boeing 2001 The solvent release was interpreted to be from the former degreaser

pit SAIC 1994

The detected analytical results for soil samples collected from the monitoring well borings during

the Phases II and Ill investigations are presented in Table 8b The most frequently detected constituents

were chlorinated VOCs PCE TCE cis-12-dichloroethene DCE and vinyl chloride VC
Concentrations of PCE and TCE were above the preliminary soil screening levels at two depth intervals

The shallowest interval included soil from the vadose zone from approximately to 10 ft BGS This

zone contained the highest concentration of chlorinated VOCs The deeper zone was observed from

approximately 32 to 40 ft BGS Landau Associates 1992 Soil sample 8C- 12 contained polycyclic

aromatic hydrocarbons PAils and other creosote-associated compounds at concentrations below the

preliminary screening levels These compounds appear to be associated with treated timber piles used to

support Building 9-101 Landau Associates 1990a TPH was also detected at concentrations below the

preliminary soil screening level in some of the samples

The groundwater monitoring wells installed at the facility were constructed to allow evaluation of

layers horizons of the aquifer system beneath the site The range of depths of the monitoring well

screens relative to the horizon of groundwater targeted for assessment were as follows

Horizon Wells screen depths ranging from 6.5 to 21.5 ft BGS

Horizon Wells screen depths ranging from 22.0 to 27.5 ft BGS

Horizon Wells screen depths ranging from 23.5 to 40.5 ft BGS

Horizon Wells screen depths ranging from 40.0 to 56.0 ft BGS

Horizon Wells screen depths ranging from 77.0 to 82.0 ft BGS

As described in Section 2.5.2 the and Horizon wells were intended to monitor three

distinct layers of groundwater located in the shallow unconfined aquifer located beneath the site The

Horizon wells were intended to evaluate the semi-confined layer of groundwater present beneath

discontinuous silt aquitard underlying the unconfined aquifer The Horizon well MW-14E was

intended to monitor the water quality in the fully confmed aquifer present beneath massive marine silt

deposit located beneath the site
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SVOCs were not detected above EPA Contract Laboratory Program CLP quantitation limits in

groundwater samples and were dropped from the testing program after the August 1989 sampling

program Landau Associates 1992 The SVOCs in groundwater were primarily PAHs and are assumed

to be associated with the creosote-treated timber piles beneath Building 9-101 Landau Associates 990a

Frequently detected VOCs in groundwater were benzene PCE TCE DCE VC and naphthalene

summary of concentrations for these constituents for monitoring events since January 1998 is presented

in Tables through 14 complete summary of groundwater analytical data for SWMU-20 is provided

on digital media in Appendix

The distributions of the chlorinated VOCs PCE TCE DCE and VC in groundwater follow

similar pattern Concentrations of PCE TCE and DCE in groundwater are greatest in the Horizon near

monitoring well MW-9A i.e near the former degreaser pit Concentrations decrease in the

downgradient groundwater flow direction from monitoring well MW-9A and generally show decreasing

trend with depth trend plot showing VOC concentrations over time for the influent to the groundwater

pump and treat system indicative of dissolved concentrations in the plume area are presented in

Appendix Since June 1998 only PCE has been detected in sample from the monitoring wells at

concentrations exceeding the preliminary screening level Table 11 Table 15 presents summary of

infrequently detected VOCs none of these constituents has been detected at concentrations exceeding the

preliminary screening levels The Horizon well has not exhibited impact by chlorinated hydrocarbons

in excess of laboratory detection limits since August 1997 The only constituents detected in samples

collected from Well MW-14E prior to 1997 were acetone 5.9 .tgfL in October 1998 cis-1 2-DCE

1.1 pgfL in January 1994 and VC detected at 10 j.tg/L 1.43 tg/L 1.3 p.gfL 1.3 p.g/L in January 1994

May 1995 August 1995 and May 1996 respectively No constituents have been detected in samples

from well MW-i 4E at concentrations exceeding the preliminary screening levels

4.5.2.1 Overview of Remediation System

During the fall of 1993 pump and treat system was installed to remove the chlorinated VOCs

from the groundwater and preclude migration of chlorinated VOCs in groundwater The pump and treat

system consists of two extraction wells E- and E-2 and sieve tray aerating treatment system

Initially the remediation system utilized one extraction well E-i to extract groundwater E-1 was

installed with screened interval extending from approximately 23 to 38.3 ft BGS which indicates that

E- was capable of collecting groundwater from the and horizons of the shallow groundwater

present beneath the site E- remained in use as the sole recovery well at the site from March 1994 to

December 13 1995 second groundwater extraction well E-2 was utilized for groundwater extraction

beginning in July 1996 E-2 was constructed with well screen extending from approximately 22 to
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32 ft BGS so that extraction of water from E-2 would also be within the and horizons of the

groundwater beneath the site Since July 1996 the extraction wells have been used alternately for

extraction with E-2 being operated for majority of the time The pump and treat system produces

approximately 25000 gal per day of treated water which is discharged to an national pollution discharge

elimination system NPDES permitted stormwater outfall Boeing 2001

4.5.2.2 Remediation System Evaluation

complete evaluation of the pump and treat remedial system at SWIvIU-20 is included in

Appendix This remedial system evaluation examined the following information

Current and historical contaminant distribution lateral and vertical to evaluate system

effectiveness in plume control and aquifer restoration

Capture zone of each extraction well within each of four depth intervals i.e and

zones at current pumping rates

Appropriateness of current extraction well locations and screen depths

Appropriateness of alternate pumping rates or alternate pumping scenarios e.g cyclic

pumping or concurrent extraction from both wells with respect to plume containment and

aquifer restoration

Current mass removal rates trends in mass removal and total VOC mass removed to date

Natural attenuation mechanisms and effectiveness including comparison of current mass

removal rates to potential natural biodegradation rates

brief review of the findings are summarized below Refer to Appendix for further details

The remediation system evaluation focuses on the chlorinated VOCs PCE TCE DCE and VC These

constituents are considered the primary constituents of interest based on their concentration and frequency

of detection in site monitoring wells The evaluation considered the data collected for the site under two

distinct scenarios prior to the activation of the remediation system August 1989 to January 1994 and

following the activation of the remediation system January 1994 to December 2000

The implementation of the groundwater pump and treat system in March 1994 has increased the

removal rate of PCE TCE DCE and VC from the groundwater at the site The influent concentration of

the groundwater recovered by the pump and treat system has been declining significantly over the past

two years Figure of Appendix The capture zone of the current pump and treat system indicates that

it has effectively controlled plume migration Landau Associates 2001
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453 CURRENT STATUS

The pump and treat remedial system evaluation Appendix also includes recommended

course of action to continue groundwater remediation and to obtain regulatory closure for the site This

recommended course of action involves temporarily shutting down the remediation system and allowing

the groundwater to equilibrate for period of months In accordance with this recommendation and

with Ecology concurrence Ecology 2001b the remediation system was temporarily shut down starting

December 14 2001 Following shutdown of the remediation system sampling will be conducted and the

results will be evaluated to determine if natural attenuation appears to be viable remedial alternative to

reach site clean-up concentrations The groundwater monitoring wells associated with SWMU-20 will be

sampled for VOCs biannually typically during summer and winter Boeing 2001 Beginning with the

December 2001 sampling event the scope of groundwater monitoring was reduced as approved by

Ecology and sampling of monitoring wells MW-17C MW-17D MW-18A MW-18D MW-19A MW
19D MW-20A and MW-20D was discontinued

4.6 SWMU-23 THROUGH SWMU-25 ABOVEGROUND STORAGE TANKS

BLDG 9-101

4.6.1 DESCRIPTION OF SWMUs

SWMUs 23 through 25 three former ASTs designated and were located near the

northwest corner of Building 9-101 Figure AST was 3000-gal waste alkaline holding tank It

held waste sodium hydroxide and various other alkaline solutions used for chemically milling stripping

and cleaning AST was 2000-gal waste acid holding tank which held waste nitric acid hydrochloric

acid chromic acid and other acid solutions used for chemically milling etching and plating operations

AST was 10000-gal wastewater tank which held wastewater contaminated with metals that exceeded

METRO permit discharge limits AST wastewater included process rinse water general cleaning wash

water and rain water The rainwater initially accumulated in sump in the tank line containment area for

ASTs and When the sump was full the water would be analyzed and either discharged to

METRO Sewer System if results met METROs pennit limits or AST The ASTs were in use from

1957 through 1984 In 1982 ASTs and were moved to nearby location to accommodate

installation of new scrubber All three ASTs were decontaminated closed removed and disposed of in

1985 SAIC 1994 ASTs and were designated as RCRA-regulated tanks AST was not RCRA

regulated storage tank and therefore did not require RCRA closure

There were no reported releases from ASTs and
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462 SUMMARY OF CORRECTIVE ACTION

soil and groundwater investigation was performed in 1993 at the former locations of ASTs

and as closure requirement Landau Associates 1993 Soil samples were collected at the pre-
and

post-1982 locations of ASTs and Figure 15 and were analyzed for total and toxicity characteristic

leaching procedure TCLP extractable priority pollutant metals Groundwater samples were collected

from existing monitoring wells MW-7A MW-i 3A and MW-I 6A Figure 15 and were analyzed for total

and dissolved priority pollutant metals The performance closure standards were based on MTCA

Method and cleanup levels for industrial sites Chemical concentrations in the soil samples and the

groundwater samples did not exceed the MTCA cleanup criteria The soil and groundwater investigation

therefore concluded that there were no significant soil or groundwater impacts from metals that may have

been associated with the operation of ASTs or Landau Associates 993a On September 1997

Ecology accepted the final facility closure certification for the Building 9-101 dangerous waste ASTs

Ecology 1997 Appendix

4.6.3 CURRENT STATUS

No further action is required for these SWMIJs as Ecology accepted the final facility closure

certification for the Building 9-10 dangerous waste ASTs Ecology 1997

4.7 SWMU-43 STORMWATER SEWER SYSTEM

4.7.1 DESCRIPTION OF SWMIJ

SWMU-43 is the storm water sewer system used to control surface water runoff throughout the

BDC facility There are also floor drains from some of the buildings that enter the stormwater sewer

system Although many of these floor drains have been sealed some are still in use Stormwater from

areas expected to contain oil passes through oillwater separators SWMUs-30 through 40 prior to

discharge to the stormwater sewer system There are 16 lines in the stormwater sewer system that

discharge to the Duwamish Waterway There are eleven oilwater separators associated with the

stormwater sewer system lines The stormwater sewer system has been operating since 1956 The sewer

system has been modified over the life of the facility SAIC 1994

Historically there have been periodic releases to the stormwater sewer system In 1986 there

were two spills of PS 300 fuel oil that reached the Duwamish Waterway The first spill occurred in

September 1986 when steam to oil heat exchanger burst causing oil to spill and enter the stormwater

sewer that drained into the Duwamish Waterway Up to 20 to 30 gal of oil reached the river Following
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cleanup of this spill the heat exchanger was repaired and its discharge was routed away from the storm

sewer second spill of 80 gal of PS 300 fuel oil occurred on December 24 1986 The spill occurred

when fuel oil was being transferred from tank truck to an UST at Building 9-72 The spilled oil entered

storm drain catch basin which discharged to the river Contractors cleaned up both of these spills To

contain future spills Boeing installed curbing around the fill pipes to the tanks and installed oil/water

separators on the main stormwater sewer lines In 1987 there was 10-gal spill of heat transfer oil from

an unspecified location Approximately 10 percent of this spill reached the storm water sewer system

spill occurred in 1989 at Building 9-120 of 15000 gal of 15 percent alkyl trimethylene diamine biocide

Most of this spill was recovered it is unclear if any of it reached the river In 1992 there was release of

approximately quart of diesel from the diesel tank at Building 9-102 and two releases of water 90 gal

in January and an unknown volume in April with Dearborn 547 and Steamate from autoclave at

Building 9-101 In 1993 there was spill containing 30 gal of ethylene glycol at Building 9-101 as well

as spill of 4500 gal of cooling water at Building 9-101 One spill occurred in 1994 when portion of

75 gal of spilled diesel fuel at Building 9-08 entered catch basin SAIC 1994 No information is

available regarding any spills since 1994

4.7.2 SUMMARY OF CoRREcTIvE ACTION

Boeing is continuously upgrading its training with regards to spill prevention BMPs have been

implemented to prevent future spills Boeing installed curbing around the fill pipes to the tanks and

installed oil/water separators on the main stormwater sewer lines Boeing produced video

demonstrating practices to protect water quality and the video is used in training on company-wide

basis Boeing has also marked all storm water catch basins with the phrase dump no chemicals drains to

stream The signs are black with white lettering and include fish symbol for added emphasis Boeing

1998

4.7.3 CURRENT STATUS

No additional actions are planned with regard to this unit Boeing 1998 No further action is

recommended for SWMU-43
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48 AOC-O1/02 FORMER UNDERGROUND STORAGE TANKS BLDG 9-52

DEsc1uPTI0N OF AOCs

AOC-0 1/02 is the location of two former steel USTs DC- 14 and DC- 13 respectively located

near Building 9-52 as shown on Figures and 16 The USTs were installed in 1985 and used to store

unleaded gasoline in 500-gal tank DC-14 and diesel fuel in 300-gal tank DC-13 The tanks were

part of fueling station that serviced Boeing vehicles and other motorized equipment

Landau Associates 1993b tank tightness test was performed in April 1990 and UST DC-14 the

gasoline tank was discovered to be leaking probably as result of an improperly attached fill pipe The

two USTs were decontaminated closed and removed to the ChemPro facility in Tacoma Washington

After the removal of the USTs soil was excavated until soil at the base of the excavation met MTCA

Method cleanup criteria Excavated soil was disposed of at Chem Securities Systems Inc Arlington

Oregon The two USTs were replaced in June 1990 with 550 gal DC-18 and 1100 gal DC-19 USTs

for diesel and unleaded gasoline respectively SAIC 1994

4.8.2 SUMMARY OF CORRECTIVE ACTION

Twenty-four soil samples were collected and analyzed for TPH and benzene toluene

ethylbenzene and xylenes BTEX during and after soil excavation Soil was removed to depth of ft

below the water table during excavation Soil concentrations of BTEX at the base of the excavation were

below the preliminary soil screening levels TPH was not detected in the soil samples Soil analytical

results are presented in Table 16

One groundwater sample was collected from the base of the excavation Landau 990b Free

product was not observed on the groundwater but foam was present The groundwater sample was

analyzed for TPH and BTEX Concentrations of TPH and BTEX in the groundwater sample were below

the preliminary groundwater screening levels

Three groundwater monitoring wells DC-9-52-1 upgradient and DC-9-52-2 and DC-9-52-3

downgradient were installed up-gradient and down-gradient from the source of the former fuel USTs

Figure 16 Landau 993b groundwater contour map of the site is presented on Figure The wells

were placed in the shallow groundwater depths to evaluate the potential presence of floating product

The monitoring wells were sampled periodically between February 1991 and November 1995 and

approximately annually from May 1997 to June 2001 The samples were analyzed for BTEX diesel-

range petroleum hydrocarbons and gasoline PCBs and metals summary of groundwater sample

results for detected constituents in samples collected since 1998 are presented in Table 17 complete

analytical data summary is provided on the compact disc in Appendix Of the detected compounds
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metals diesel-range petroleum hydrocarbons toluene and xylene only diesel-range petroleum

hydrocarbons in wells DC-9-52 and DC-9-52 and cadmium and copper in well DC-9-52-2 have

been detected since 1998 at concentrations above the preliminary groundwater screening levels

Diesel-range petroleum hydrocarbons was detected in wells DC-9-52-l 2970 .tgfL and

DC-9-52-3 840 j.tgfL at concentrations above the preliminary groundwater screening level 500 tg/L in

December 2000 Concentrations of diesel-range petroleum hydrocarbons in these wells decreased to non-

detect in December 2001 Detected diesel-range petroleum hydrocarbons concentrations in well

DC-9-52-2 have been below the preliminary groundwater screening levels

Cadmium and copper were detected in one groundwater sample from November 1999 at

concentrations 12 and 24 p.g/L respectively The concentrations of cadmium and copper in this sample

were less than two times the marine water preliminary screening level igfL and twelve times the fresh

water preliminary screening level tg/L The concentration of copper in this sample was seven times

the marine water preliminary screening level 3.4 pg/L and 2.7 times the fresh water preliminary

screening level 8.9 tgIL

4.8.3 CURRENT STATUS

The three monitoring wells will be sampled biannually during wet and dry seasons until two

consecutive monitoring events are obtained without detections of gasoline-range petroleum hydrocarbons

diesel-range petroleum hydrocarbons and BTEX Boeing 2001

4.9 AOC-03/04 FORMER UNDERGROUND STORAGE TANKS BLDG 9-50

4.9.1 DESCRIPTION OF AOCs

AOC-03/04 is the location of two 20000-gal double wall composite USTs DC-20 and DC-21

located near Buildings 9-50 and 9-72 Figures and 14 The original USTs both 20000-gal DC-03

and DC-04 were installed in 1957 and were used to store No fuel oil used by steam plant in Building

9-50 1985 evaluation of soil conditions outside of the two original USTs did not provide any evidence

of release of petroleum hydrocarbons Norton Corrosion Limited Inc 1985 However in 1991 when

tank tightness testing was conducted the westernmost UST was discovered to be leaking Both USTs

were removed and replaced with two new 20000-gal tanks in 1992 Landau Associates 993c
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492 SUMMARY OF CORRECTIVE ACTION

After removal of USTs DC-03 and DC-04 several holes were noted near the bottom of both

former USTs During the USTs removal approximately 250 yd3 of petroleum hydrocarbon contaminated

soil and 200 to 500 gal of free phase hydrocarbon product were removed from the excavation The soil

was shipped to Woodworth Company Inc Tacoma Washington for thermal desorption treatment

The free hydrocarbon product was sent offsite to licensed facility for proper

treatmentldisposal/recycling Approximately 80000 gal of water were generated during remediation

Excess water was pumped to temporary onsite holding tank then trucked either to Burlington

Environmentals treatment facility at Pier 91 and/or Boeings wastewater treatment plant in Auburn

After excavation small area of soil approximately 10 by 20 ft and unknown depth remained at

the base of the excavation with concentrations of petroleum hydrocarbon above the preliminaiy soil

screening level The soil was not excavated because it was beyond the reach of the excavating

equipment it was beneath the water table and the affected area was relatively small

Landau Associates 993c No further soil removal was necessary due to the relative immobility of the

fuel oil Boeing 2001 Detected analytical results for soil samples are presented in Table 18

In 1992 monitoring well MW-21A was installed nearby the two former USTs and the soil

and groundwater were sampled for TPH No TPII was detected in the soil or groundwater at that time

Landau Associates 1993c The well has been sampled approximately biannually since 1997 and the

groundwater samples analyzed for VOCs and diesel-range petroleum hydrocarbons In June 2001

monitoring well MW-21C was installed within the C-Zone interval to evaluate beazene concentrations

that have been detected at this depth interval in nearby SWvfU-20 wells MW-2 was sampled in June

2001 and analyzed for VOCs and diesel-range petroleum hydrocarbons Analytical results for detected

constituents in groundwater samples are presented in Table 19 complete analytical data summary is

provided on the compact disc in Appendix

Of the detected analytes acetone DCE and diesel-range petroleum hydrocarbons only diesel-

range petroleum hydrocarbons was detected above the preliminary groundwater screening levels

Acetone October 1998 and cis- 2-DCE June 2001 were detected at low levels in MW-21A and

MW-2 respectively These analytes have not been detected during the remainder of the monitoring

period Diesel-range petroleum hydrocarbon was detected at concentration above the preliminary

groundwater screening level in MW-2lA in December 2000 Concentrations of diesel-range petroleum

hydrocarbons were non-detect in MW-2lA and MW-2lC in December 2001
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493 CuiuENT STATUS

The two monitonng wells will be sampled semi-annually until four consecutive groundwater

samples are obtained that are non-detect for diesel-range petroleum hydrocarbons Boeing 2001

4.10 AOC-05 FORMER UNDERGROUND STORAGE TANK

4.10.1 DESCRIPTION OF AOC

AOC-05 was 1000 gal unleaded gasoline steel UST DC-01 located south of Buildings 9-60

and 9-61 Figures and 10 The UST was removed in 1985 after approximately 830 gal of unleaded

gasoline leaked out of puncture in the UST The leak resulted from damage to the tank bottom from the

practice of measuring product volume with steel rod

4.10.2 SUMMARY OF CORRECTIVE ACTION

During the UST removal 500 to 600 gal of floating product was removed from the excavation

Additional gasoline contamination was removed within the excavated soils Boeing 2001 Two

monitoring wells BDC-01-l and BDC-01-2 were installed in early September 1985 Groundwater

samples were collected from the two monitoring wells in July 1986 Benzene was detected in BDC-01-1

located west of the former UST

Ecology requested Boeing to further investigate this area for gasoline-range petroleum

hydrocarbons and BTEX Ecology 2000 During Januaiy 2001 limited push-probe sampling was

performed around AOC-05 Six borings were advanced in the vicinity of the former UST DC-01

Figure 17 IT Corporation 2001 Two groundwater samples were collected from each boring One

groundwater sample from each boring was collected from 0.5 to 3.5 ft below the top of the water table

The other groundwater sample from each boring was collected from 10.5 to 13.5 ft below the top
of the

water table Groundwater samples were analyzed for gasoline-range petroleum hydrocarbons and BTEX

Analytical results are presented in Table 20 Of the detected compounds gasoline-range petroleum

hydrocarbons and BTEX only gasoline-range petroleum hydrocarbons and benzene were detected at

concentrations above the preliminary groundwater screening levels Samples SB-9 upper and SB-10

upper contained concentrations of gasoline-range petroleum hydrocarbons above the preliminary

groundwater screening level Sample SB-9 upper also contained benzene at concentration above the

preliminary groundwater screening level

Threemonitoring wells were installed in June 2001 One well was upgradient of SB-9 and SB-1O

BDC-103 and two wells were downgradient BDC-10l and BDC-102 The wells were sampled and
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analyzed for gasoline-range petroleum hydrocarbons and BTEX in June 2001 BTEX results for

BDC- 102 and BDC- 103 are presented in Table 21 Benzene was detected at concentration above the

preliminary groundwater screening level in well BDC-1 03 Gasoline-range petroleum hydrocarbon was

detected above the preliminary groundwater screening level in BDC- 101 and BDC- 103

4.10.3 CURRENT STATUS

The groundwater at AOC-05 will be injected with oxygen releasing compound ORC to

promote aerobic biodegradation or the residual petroleum hydrocarbon constituents in the groundwater

Up to 10 borings will be installed to total depth of approximately 20 ft BGS for injection of ORC into

the groundwater in the vicinity of the former UST ORC will be injected in slurry form into the

portion of the boring intersecting the groundwater table

Following the injection event the effect of the ORC in the groundwater will be monitored on

monthly basis for the following months Groundwater samples will be collected from BDC-102 and

BDC-103 for analysis of dissolved oxygen DO oxidation-reduction potential ORP conductivity and

pH in the field The groundwater samples will also be submitted to laboratory for analysis of BTEX and

gasoline-range petroleum hydrocarbons

Following the ORC evaluation the three wells will be monitored quarterly for BTEX and

gasoline-range petroleum hydrocarbons for one year Then the wells will be monitored semi-annually for

BTEX and gasoline-range petroleum hydrocarbons
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50 SUMMARY OF CORRECT WE ACTIONS

The RFA of the BDC identified 157 SWMUs and AOCs The majonty of the SWMUs were

excluded from further investigation based on determination that they do not pose threat to human

health or the environment Table The remaining eight SWMIJs and five AOCs through Ecologys

voluntary cleanup program under MTCA The status of these SWMUs/AOCs is summarized below

SWMIIJ/AOC Status Rationale

SWMTJ- 15 paper No Further The release of paper slurry waste noted was one-time

shredder Building 9-67 Action release of non-hazardous material Modifications to

Recommended the BMPs have been implemented to prevent future

releases

SWMU- 16 former No Further Ecology approved the RCRA closure of the former

regulated materials storage Actions Building 9-69/70 Container Storage Area Boeing

area Buildings 9-69/70 Recommended performed supplemental investigation to verify that

residual PCB concentrations in soil in the area beyond

the boundaries for the former storage area are

protective of groundwater PCBs were not detected in

groundwater samples collected during this

investigation

SWMU- 17 former sump Groundwater No current observed constituent concentrations in soil

and USTs Building 9-75 Monitoring or groundwater exceed preliminary screening levels

VOCs or apparent background levels metals

Monitoring wells BDC-05-2A BDC-05-3 BDC-05-4

BDC-05-5 and BDC-05-7 are currently sampled semi

annually for VOCs diesel-range petroleum

hydrocarbons and metals as specified in the

Developmental Center Groundwater Monitoring Plan

Boeing 2001

SWMIJ-20 former Evaluating pump The remediation system has been temporarily shut

degreaser pit and treat system down for period of six months Following shutdown

Building 9-101 shutdown with of the remediation system sampling will be conducted

ongoing and the results will be evaluated to determine ifnatural

monitoring attenuation appears to be viable remedial alternative

to reach site screening levels The groundwater

monitoring wells associated with SWMU-20 will be

sampled for VOCs biannually typically during summer

and winter Boeing 2001

SWMIJs-23 through 25 No Further Ecology has accepted the final facility closure

former waste water ASTs Actions certification for these former dangerous waste ASTs

Building 9-101 Recommended Ecology 1997
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SWlTU/AOC Status Rationale

SWMU-43 storm water No Further BMPs have been implemented to prevent future spills

sewer system Actions

Recommended

AOC-0l/02 former Groundwater Three monitoring wells will be sampled biannually

unleaded gasoline USTs Monitoring during wet and dry seasons until two consecutive

Building 9-52 monitoring events are obtained without detections of

gasoline-range peiroleum hydrocarbons diesel-range

petroleum hydrocarbons and BTEX Boeing 2001

AOC-03/04 former No Groundwater Two monitoring wells will be sampled semi-annually

fuel oil USTs Buildings Monitoring until four consecutive groundwater samples are

9-50 and 9-72 obtained that are non-detect for diesel-range petroleum

hydrocarbons Boeing 2001

AOC-05 former unleaded Groundwater ORC will be injected into groundwater to promote

gasoline UST Buildings Monitoring aerobic biodegradation of residual petroleum

9-60 and 9-61 hydrocarbon constituents in groundwater

Groundwater samples will be collected monthly for

three months following ORC injection for BTEX and

gas-range petroleum hydrocarbons
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6.0 USE OF THIS REPORT

This investigation summary report has been prepared for the exclusive use of The Boeing

Company for specific application to the Boeing Developmental Center No other party is entitled to rely

on the information conclusions and recommendations included in this document without the express

written consent of Landau Associates Further the reuse of information conclusions and

recommendations provided herein for extensions of the project or for any other project without review

and authorization by Landau Associates shall be at the users sole risk Landau Associates warrants that

within the limitations of scope schedule and budget our services have been provided in manner

consistent with that level and care and skill ordinarily exercised by members of the profession currently

practicing in the same locality under similar conditions as this project We make no other warranty either

express or implied

/1YUAA
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SWMU/AOC-IDLOCATIONDESCRIPTIONSTATUSSWMU-1

Bldg

9-04

Final

Accumulation

Area

SWMU-1

was

the

final

accumulation

point

for

drums

of

hazardous

No

furtheractionrecommended

based

on

no

indication

of

past

waste

from

BDC

prior

to

being

shippedoffsite

for

disposalWastesreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

were

removed

every

other

week

for

offaitedisposalSWMU-1

had

1994

secondarycontainment

with

sealedconcretefloor

that

drained

to

blind

trenches

or

containmentvaultsSWMU-1operated

from

March

1992

to

July

2001

The

final

accumulation

point

was

moved

to

Building

9-60

in

July

2001

SWMU-2

Bldg

9-04

ConsolidatIon

Room

SWMU-2

was

the

accumulation

and

consolidationarea

for

solid

No

furtheractionrecommendedbased

on

no

indication

of

past

wastesincluding

rags

spent

aerosol

cans

and

used

batteriesreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

Wasteswere

placed

in

plastic

bag

lined-drums

Once

filleddrums

1994

were

transported

to

SWMU-1

for

offsitedisposalSWMLJ-2

had

secondarycontainment

with

floor

that

drains

to

containmentvaultSWMU-2operated

from

March

1992

to

July

2001

The

consolidationarea

was

moved

to

Building

9-60

in

July

2001

SWMIJ-3

Bldg

9-04

Loading

Dock

SWMLJ-3

is

loading

dock

that

was

used

to

ship

off

containerized

No

furtheractionrecommendedbased

on

no

indication

of

past

waste

from

SWMU-1SWMU-3operated

from

March

1992

to

July

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

2001

1994

SWMU-4

Bldg

9-04

Bulk

Waste

Oil

Recycling

Tank

SWMU-4

is

500

gal

AST

for

storingwaste

oil

prior

to

removal

No

furtheractionrecommendedbased

on

no

indication

of

past

offsite

for

recycling

The

AST

has

secondarycontainment

with

blind

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

trenches

with

closed

sumps

locatedbeneath

it

SWMU-4

has

been

1994

in

operation

from

February

1994

to

July

2001

at

this

location

The

tank

was

moved

to

Building

9-60

in

July

2001

SWMU-5

Bldg

9-08

FormerTemporaryIncineratorSWMU-5

was

an

incinerator

used

to

destroyclassifiedmicrofilm

and

No

furtheractionrecommended

based

on

no

indication

of

past

mylar

prints

The

non-hazardous

ash

was

disposed

of

at

an

off

site

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

landfillSWMU-5operated

from

1986

to

1988

1994

SWMIJ-6

Bldg

9-50

FormerContainerStorage

Area

SWMU-6

was

the

final

accumulation

point

for

hazardouswastes

No

furtheractionrequired

based

closure

in

accordance

with

RCR.A

from

BDC

prior

to

being

shippedoffsite

for

disposalSWMU-6closurerequirements

and

Ecologsapproval

of

closure

in

1997

operated

from

1988

to

1992

and

has

been

closedletter

from

EcologyAppendixSWMU-7

Bldg

9-50

Former

Steam

Cleaning

Area

SWMU-7

was

to

gal

sludge

trap

The

sludge

trap

removed

No

furtheractionrecommended

based

on

no

indication

of

past

grease

from

the

steam

cleaning

waste

water

SWMU-7operatedreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

prior

to

1985

1994

SWMU-8

Bldg

9-50

Solid

Waste

Collection

Area

SWMU-8

is

the

accumulation

and

consolidationarea

for

non-

No

furtheractionrecommended

based

on

no

indication

of

past

hazardous

solid

wastes

prior

to

being

shippedoffsite

for

recyling

or

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

disposalSWMU-8

had

been

in

operation

from

195710present

1994

SWMU-9

Bldg

9-51

Steam

Cleaning

Tank

SWMU-9

is

3000

gal

AST

for

steam

cleaning

waste

water

Steam

No

furtheractionrecommended

based

on

low

potential

for

futurecleaningwastewater

is

pumped

from

SWMU-10

to

SWMU-9wherereleases

SAIC

1994

and

EPA

1994

it

is

stored

prior

to

disposal

The

AST

has

diked

steel

secondarycontainmentSWMU-9

has

been

in

operation

from

1987

to

presentSWMU-10

Bldg

9-51

Steam

Cleaning

Sump

SWMU-10

is

sump

used

to

collectsteamcleaningwastewater

No

furtheractionrecommended

based

on

low

potential

for

future

prior

to

pumping

itto

SWMU-9

The

sump

has

secondaryreleases

SAIC

1994

and

EPA

1994

containment

with

leak

detection

system

SWMU-10

has

been

In

operation

from

1985

to

present2/27/02S\SI-IAREDOC\025\093\SumniaryReport\BDCSumnryReportTablesTable

Landau

Associates
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SWMU/AOC.IDLOCATIONDESCRIPTIONSTATUSSWMU-1

Bldg

9-51

Former

Steam

Cleaning

Tank

SWMU-1

was

300

gal

UST

used

for

storingsteamcleaning

No

furtheractionrecommended

based

on

no

indication

of

past

waste

water

prior

to

offsitedisposalSWMU-1operated

from

1985

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

to

1987

1994

SWMIJ-12

Bldg

9-52

Former

Wash

Water

Paint

Booth

SWMU-12

was

water

wash

paint

booth

used

to

remove

paint

No

furtheractionrecommended

based

on

no

indicaticn

of

past

overspray

from

the

air

SWMU-12operated

from

1985

to

1990

or

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1991

1994

SWMU-13

Bldg

9-60

FormerContainerStorage

Area

SWMU-13

was

an

accumulation

area

for

hazardouswaste

prior

to

No

furtheractionrequired

based

closure

in

accordance

with

RCRA

being

shippedoffsite

for

disposalSWMU-13operated

from

1961

closurerequirements

and

Ecologysapproval

of

closure

ins

1997

to

1992

and

has

been

closedletter

from

EcologyAppendixSWMU-14

Bldg

9-67

IncineratorSWMU-14

Is

an

incinerator

used

to

destroyclassifiedmicrofilm

No

furtheractionrecommended

based

on

no

indication

of

past

m1ar

and

computer

disks

Non-hazardous

ash

is

disposed

of

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

offsiteSWMIJ-14

has

been

in

operation

from

1988

to

present

1994

SWMU-15

Bldg

9-67

Paper

ShredderSWMU-15

Is

two

adjacent

paper

shredders

used

to

destroy

Best

managementpractices

BMPs

have

been

implemented

at

classifieddocuments

The

shredded

paper

Is

slurried

with

water

to

SWMU-15

to

preventfuturereleases

No

additionalactions

are

facilitate

the

management

and

consolidation

of

the

shredded

paper

planned

No

furtheraction

Is

recommendedSWMU-15

has

been

in

operation

from

1984

to

presentrelease

of

paper

slurry

waste

water

non-hazardous

solid

waste

occurred

on

June

30

1994

More

information

on

SWMU-15

Is

presented

in

Section

4.2

SWMU-1

Bldg

9-69/9-70FormerRegulatedMaterialsStorage

Area

SWMU-16

was

an

accumulation

point

for

hazardous

waste

SWMU-

No

furtheractionrequired

based

closure

in

accordance

with

RCRA

16

operated

from

1979

to

1992

and

has

been

closed

More

closurerequirements

and

Ecologysapproval

of

closure

in

1997

information

on

SWMU-16

is

presented

In

Section

4.3

letter

from

EcologyAppendixSWMU-17

Bldg

9-75

Former

UST

WasteStorage

Tank

SWMU-17

was

65

gal

sump

and

associated

4000

gal

lIST

used

The

monitoring

wells

aroundSWMU-17

will

be

sampledbiannually

to

store

waste

oil

SWMU-17operated

from

1958

to

1986

and

has

for

VOCs

metals

and

TPH

biannually

Boeing

2001

been

closed

The

lIST

was

closed

and

removed

in

1986

During

closure

it

was

observed

that

the

lIST

had

leaked

More

information

on

SWMU-17

is

presented

In

Section

4.4

SWMIJ-18

Bldg

9-101

Former

Wash

Water

Paint

Booth

SWMU-18

was

water

wash

paint

booth

used

to

remove

paint

No

furtheractionrecommended

based

on

no

indication

of

past

overspray

from

the

air

SWMU-18operated

from

1984

to

1990

or

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1891

1994

SWMIJ-1

Bldg

9-101

Waste

Hydraulic

Oil

Tank

SWMU-19

Is

250

gal

AST

used

to

store

wastehydraulic

oil

prior

to

No

furtheractionrecommended

based

on

no

indication

of

past

being

transported

to

SWMU.4SWMU-19

has

been

in

operationreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

from

1880

to

present

1994

SWMU-20

Bldg

9-101

FormerDegreaser

Pit

SWMU-20

was

degreaser

pit

used

to

accumulatesolvents

from

The

remediation

system

has

been

temporarly

shut

down

for

six

the

vapor

degreaserSWMU-20operated

from

1958

to

1984

and

is

monthsEcology

2001b

Followingshutdown

of

the

remediationcurrentlyundergoingclosure

The

degreaser

pit

apparentlyleaked

system

sampling

will

be

conducted

and

the

results

will

be

evaluated

During

closure

1400

tons

of

soil

was

excavated

and

disposed

of

to

determine

if

naturalattenuationappears

to

be

viableremedial

from

SWMU-20

pump

and

treat

system

was

installed

to

removealternative

to

reach

site

screeninglevels

The

groundwatermonitoringchlorinated

VOCs

from

the

groundwater

More

information

on

wellsassociated

with

SWMU-2o

wtl

be

sampled

for

VOCs

biannuallySWMU-20

Is

presented

In

Section

4.5

typicafly

during

summer

and

winter

Boeing

2001

SWMU.21

Bldg

9-101

Former

First

Sump

SWMU-21

was

sump

used

to

accumulatewastewater

from

the

No

furtheractionrecommended

based

on

no

indication

of

past

anodizing

tank

line

prior

to

discharge

to

the

sanitarysewer

or

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

SWMt.Js-23through

25

SWMU-21operated

from

1958

to

1984

1994

SWMIJ-22

Bldg

9-101

FormerSecond

Sump

SWMU-22

was

sump

used

to

accumulatewastewater

from

the

No

furtheractionrecommendedbased

on

no

Indication

of

past

anodizing

tank

line

prior

to

discharge

to

the

sanitarysewer

or

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

SWMU5-23through

25

SWMU-22operated

from

1967

to

1984

1994

2/27/02S\SHAREDOC\025\093\SummaryReport\BDCSummaryReportTablesTableLandauAssociates
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SWMUFAOC-IDLOCATIONDESCRIPTIONSTATUSSWMU-23

Bldg

8-101Former

Tank

Waste

AkailneSWMU-23

was

3000

gal

AST

used

to

store

waste

alkaline

water

No

furtheractionrequired

based

closure

in

accordance

with

RCRA

prior

to

disposalSWMU-23operated

from

1957

to

1984

The

AST

closurerequirements

and

Ecologysapproval

of

closure

in

1997

was

closed

and

removed

from

the

site

In

1985

Chemicalletter

from

EcologyAppendixconcentrations

in

soil

and

groundwatersamplescollected

In

1993

werebelow

the

MTCA

Method

and

cleanupcriteria

More

Information

on

SWMU.23

Is

presented

in

Section

4.8

SWMU-24

Bldg

9-101Former

Tank

Waste

Acid

SWMU-24

was

2000

gal

AST

used

to

storewaste

sold

water

prior

No

furtheractionrequiredbasedclosure

In

accordance

with

RCRA

to

disposalSWMU-24operated

from

1957

to

1984

The

AST

was

closurerequirements

and

Ecologysapproval

of

closure

in

1997

closed

and

removed

from

the

site

in

1985

Chemicalconcentrationsletter

from

EcologyAppendix

in

soil

and

groundwatersamplescollected

in

1993

werebelow

the

MTCA

Method

and

cleanupcriteria

More

information

on

SWMU.24

is

presented

In

Section

4.6

SWMU-25

Bldg

9-101Former

Tank

Waste

WaterSWMU-25

was

10.000

gal

AST

used

to

storewaterwater

prior

to

No

furtheractionrequiredbasedclosur.e

in

accordance

with

RCRA

disposalSWMU-25operated

from

1957

to

1984

The

AST

was

closurerequirements

and

Ecologysapproval

of

closure

in

1997

closed

and

removed

from

the

site

In

1985

ChemIcalconcentrationsletter

from

EcologyAppendix

In

soil

and

groundwatersamplescollected

in

1993

were

below

the

MTCA

Method

and

cleanupcriteria

More

Information

on

SWMU-25

is

presented

in

Section

4.6

SWMU.26

Bldg

9-101

Former

Pilot

Plating

Sump

SWMU-26

was

3000

gal

UST

used

for

storage

of

waste

water

No

furtheractionrecommended

based

on

no

indication

of

past

from

the

titanium

chem

mill

and

metalplating

line

prior

to

pumpingreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

to

SWMU-28SWMU-26operated

from

1966

to

the

early

1970s

1994

SWMU-27

Bldg

9-101FormerMaslcant

Dump

Tank

and

Control

Pit

SWMU-27

was

the

sumps

associated

with

SWMU-25

and

the

chem

No

furtheractionrecommended

based

on

no

Indication

of

past

mill

and

metal

plating

line

SWMU-27operated

from

1966

to

the

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

early

1970s

1994

SWMU-28

Bldg

9-101

Former

Waste

Water

Treatment

Plant

SWMU-28

was

the

waste

watertreatment

plant

for

the

chem

mill

No

furtheractionrecommended

based

on

no

indication

of

past

and

plating

lines

SWMU-28operated

from

1966

to

the

early

1970sreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-29

Bldg

9-99

Oil

Water

SeparatorSWMU-29

is

the

oil/waterseparator

for

potential

spills

from

Building

No

furtheractionrecommendedbased

on

no

indication

of

past

9-99

Once

year

the

oil/waterseparator

is

cleaned

out

and

the

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

wastes

are

disposed

of

off

site

SWMU-29

has

been

in

operation

1994

from

1968

to

presentSWMU-30

Bldg

9-007

Oil

Water

SeparatorSWMU-30

is

an

oil/waterseparator

used

to

collect

storm

water

from

No

furtheractionrecommendedbased

on

no

indication

of

past

parking

lot

in

the

BOC

and

remove

oil

from

the

water

prior

to

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

discharge

to

the

DuwamishWaterwaySWMU-30

has

been

in

1994

operation

from

1987

to

presentSWMLJ-31

Bldg

9-08

Oil

WaterSeparatorSWMU-31

is

an

oil/waterseparator

used

to

collectstormwater

from

No

furtheractionrecommended

based

on

no

indication

of

past

parking

lot

In

the

BDC

and

remove

oil

from

the

water

prior

to

releases

and

low

potential

for

futurerelease

SAIC

1994

arId

EPA

discharge

to

the

DuwamishWaterwaySWMU-31

has

been

in

1994

operation

from

1987

to

presentSWMU-32

Bldg

9-12

Oil

Water

SeparatorSWMU-32

is

an

oil/waterseparator

used

to

collect

storm

water

from

No

furtheractionrecommended

based

on

no

indication

of

past

parking

lot

In

the

BDC

and

remove

oil

from

the

water

prior

to

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

discharge

to

the

DuwamishWaterwaySWMU-32

has

been

in

1894

operation

from

1987

to

presentSWMU-33

Bldg

9-51

Oil

Water

Separator

951

SWMU-33

is

an

oil/waterseparator

used

to

collectstormwater

from

No

furtheractionrecommendedbased

on

no

indication

of

past

parking

lot

in

the

BOC

and

remove

oil

from

the

water

prior

to

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

discharge

to

the

DuwamishWaterwaySWMU-33

has

been

In

1994

operation

from

1985

to

present2127/02S\SHAREDOC\025\093\SummaryReporttsoCSummaryReportTablesTableLandauAssociates
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SWMU/AOC-IDLOCATIONDESCRIPTIONSTATUSSWMU-34

Bldg

9-52

Oil/WaterSeparator

DM

SWMU-34

Is

an

oil/waterseparator

used

to

collect

fuel

station

spills

No

furtheractionrecommended

based

on

no

indication

of

past

and

remove

oil

from

the

water

prior

to

discharge

to

the

Duwamishreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

WaterwaySWMU-34

has

been

in

operation

from

1985

to

present

1994

SWMU-35

Bldg

9-60

Oil

Water

SeparatorBMAOO3SWMU-35

Is

an

oil/waterseparator

used

to

collect

storm

water

from

No

furtheractionrecommended

based

on

no

indication

of

past

the

storage

yard

at

the

BDC

and

remove

oil

from

the

water

prior

to

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

discharge

to

the

DuwamishWaterwaySWMU-35

has

been

in

1994

operation

from

1961

to

presentSWMU-36

Bldg

9-96

OIl

WaterSeparatorSWMU-38

is

an

oil/waterseparator

used

to

collectstormwater

from

No

furtheractionrecommendedbased

on

no

indication

of

past

sparking

lot

In

the

BDC

and

remove

oil

from

the

water

prior

to

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

discharge

to

the

DuwamishWaterwaySWMU-36

has

been

In

1994

operation

from

1987

to

presentSWMU-37

Bldg

9-99

Oil

Water

SeparatorSWMU-37

is

an

oiVwaterseparator

used

to

collect

storm

water

from

No

furtheractionrecommended

based

on

no

indication

of

past

parking

lot

In

the

BDC

and

remove

oil

from

the

water

prior

to

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

discharge

to

the

DuwamishWaterwaySWMU-37

has

been

in

1994

operation

from

1987

to

presentSWMU-38

Bldg

9-99

Oil

WaterSeparatorSWMU-38

is

an

oil/waterseparator

used

to

collectstormwater

from

No

furtheractionrecommended

based

on

no

indication

of

past

sparking

lot

in

the

BDC

and

remove

oil

from

the

water

prior

to

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

discharge

to

the

DuwamishWaterwaySWMU-38

has

been

in

1994

operation

from

1987

to

presentSWMLJ-39

Bldg

9-101

Oil

WaterSeparator

SOC

SWMU-39

is

an

oil/waterseparator

used

to

collectstormwaler

from

No

furtheractionrecommendedbased

on

no

indication

of

past

parking

lot

in

the

BDC

and

remove

oil

from

the

water

prior

to

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

discharge

to

the

DuwamishWaterwaySWMU-39

has

been

in

1994

operation

from

1987

to

presentSWMLJ-40

Bldg

9-120

Oil

Water

SeparatorSWMU-40

is

an

oil/waterseparator

used

to

collectstorm

water

from

No

furtheractionrecommended

based

on

no

indication

of

past

parking

lot

and

an

autoclave

in

the

BDC

and

remove

oil

from

the

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

water

prior

to

discharge

to

the

DuwamishWaterwaySWMU-40

1994

has

been

in

operation

from

1990

to

presentSWMU-41

Bldg

9-64

Former

Oil

Water

SeparatorSWMU-41

was

500

gal

oil/waterseparator

used

to

collectsteam

No

furtheractionrecommendedbased

on

no

indication

of

past

cleaning

waste

water

and

remove

oil

prior

to

discharge

to

the

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

sanitarysewer

The

OiL/waterseparator

was

periodicallycleaned

1994

and

the

waste

was

disposed

of

off

site

SWMU-41operated

from

1979

to

1987

SWMU-42

Bldg

9-101

Former

Oil

Water

SeparatorSWMIJ-42

was

500

gal

oil/waterseparator

used

to

collectprocess

No

furtheractionrecommended

based

on

no

indication

of

past

water

from

Building9-101

and

remove

oil

from

the

water

prior

to

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

discharge

The

oil/waterseparator

was

periodicallycleaned

and

the

1994

waste

was

disposed

of

offsiteSWMU-42operated

from

an

unknown

time

to

1987

SWMU-43

Storm

Water

Sewer

System

SWMU-43

is

the

storm

watersewer

system

II

is

used

to

control

BMPs

have

been

implemented

to

reduce

the

potential

for

futuresurface

water

runoff

and

some

buildingdrainsthroughout

the

BDC

release

No

furtheractionrecommended

based

on

low

potential

for

SWMU5

30

through

40

discharge

into

SWMU-43Sixteen

lines

in

futurerelease

SAIC

1994

and

EPA

1994

the

storm

water

sewer

system

discharge

into

the

DuwamishWaterwaySWMU-45

has

been

in

operation

from

1956

to

present

More

information

on

SWMIJ-43

is

presented

in

Section

4.7
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SWMUIAOC-IDLOCATIONDESCRIPTIONSTATUSSWMU-44

Bldg

9-49

Accumulation

Area

D003

SWMU-44

Is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

indication

of

past

wasteIncluding

oily

rags

solvent

rags

aerosol

cans

and

batteriesreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

The

waste

is

sent

to

SWMU-2

for

consolidationSWMU-44

1994

operated

from

unknown

date

to

at

least

1994

SWMU-45

Bldg

9-51

Accumulation

Area

D004

SWMIJ-45

is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

indication

of

past

wasteincluding

oily

rags

aerosol

cans

and

oil

for

recycling

The

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

waste

Is

sent

to

SWMU-2

or

SWMU-4

for

consolidationSWMU-45

1994

operated

from

unknown

date

to

at

least

1994

SWMLJ-46

Bldg

9-52

Accumulation

Area

D005

SWMU-46

Is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

Indication

of

past

wasteincludingsolvent

rags

aerosol

cans

paints

and

inks

The

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

waste

is

sent

to

SWMU-2

for

consolidationSWMU-46operated

1994

from

unknown

date

to

at

least

1994

SWMLJ-47

Bldg

9-99

Accumulation

Area

D007

SWMU-47

is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

indication

of

past

wasteincluding

oily

rags

solvent

rags

aerosol

cans

paints

inks

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

and

oil

for

recycling

The

waste

is

sent

to

SWMU-2

or

SWMU-4

for

1994

consolidationSWMU-47operated

from

unknown

date

to

at

least

1994

SWMU-48

Bldg

9-99

Accumulation

Area

DOOB

SWMU-48

Is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

indication

of

past

waste

including

oily

rags

The

waste

Is

sent

to

SWMU-2

for

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

consolidationSWMU-48operated

from

unknown

date

to

at

least

1994

1994

SWMU-49

Bldg

9-101

Accumulation

Ares

D009

SWMU-49

is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

lndcation

of

past

wasteIncludingsolvent

rags

aerosol

cans

paints

and

Inks

The

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

waste

Is

sent

to

SWMU-2

for

consolidationSWMU.49operated

1994

from

unknown

date

to

at

least

1994

SWMU-50

Bldg

9-101

Accumulation

Area

DOl

SWMU-50

is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

indication

of

past

wasteincluding

oily

rags

solvent

rags

aerosol

cans

and

oil

for

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

recycling

The

waste

is

sent

to

SWMU-2

or

SWMU-4

for

1994

consolidationSWMU-50operated

from

unknown

date

to

at

least

1994

SWMU-51

Bldg

9-101

Accumulation

Area

Dol

.1

SWMU-51

Is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

ba5ed

on

no

indication

of

past

wasteincluding

oil

for

recycling

The

waste

is

sent

to

SWMU-4

for

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

consolidationSWMU-51operated

from

unknown

date

to

at

least

1994

1994

SWMU-52

Bldg

9-101

Accumulation

Area

D012

SWMU-52

is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

indication

of

past

wastelnduding

oily

rags

and

solvent

rags

The

waste

is

sent

to

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

SWMIJ-2

for

consolidationSWMU-52operated

from

unknown

date

1994

to

at

least

1994

SWMU-53

Bldg

9-101

Accumulation

Area

0013

SWMU-53

is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

indication

of

past

waste

Including

oily

rags

The

waste

is

sent

to

SWMU-2

for

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

consolidationSWMU-53operated

from

unknown

date

to

at

least

1994

1994
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SWMUAOC.40LOCATIONDESCRIPTIONSTATUSSWMU-54

Bldg

9-101Accumulation

Area

0014

SWMU-54

Is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

indication

of

past

wasteincluding

Oily

rags

solvent

rags

aerosol

cans

and

alodinereleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

rags

The

waste

Is

sent

to

SWMU-2

for

consolidationSWMU-54

1994

operated

from

unknown

date

to

at

least

1994

SWMU-55

Bldg

9-101

Accumulation

Ares

0016

SWMU-55

Is

an

accumulationstation

for

hazardous

or

dangerouswasteincluding

oily

rags

solvent

rags

and

aerosolcans

The

waste

is

sent

to

SWMU-2

for

consolidationSWMU-55operated

from

unknown

date

to

at

least

1994

No

furtheractionrecommendedbased

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-56

Bldg

9-101

Accumulation

Area

0017

SWMLI-56

Is

an

accumulationstation

for

hazardous

or

dangerouswasteincludingsolvent

rags

The

waste

is

sent

to

SWMU-2

for

consolidationSWMU-56operated

from

unknown

date

to

at

least

1994

No

furtheractionrecommendedbased

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-57

Bldg

9-101

Accumulation

Area

0019

SWMU-57

is

an

accumulationstation

for

hazardous

or

dangerous

waste

Includingsolvent

rags

The

waste

is

sent

to

SWMU-2

for

consolidationSWMU-57operated

from

unKnown

date

to

at

least

1994

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-58

Bldg

9-101

Accumulation

Area

0020

SWMU-58

Is

an

accumulationstation

for

hazardous

or

dangerous

waste

Including

oily

rags

solvent

rags

and

aerosol

cans

The

waste

is

sent

to

SWMU-2

for

consolidationSWMU-58operated

from

unknown

date

to

at

least

1994

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-59

Bldg

9-101

Accumulation

Area

0021

SWMU-59

is

an

accumulationstation

for

hazardous

or

dangerouswasteInoludingsolvent

rags

aerosol

cans

paints

and

inks

The

waste

is

sent

to

SWMU-2

for

consolidationSWMU-59operated

from

unknown

date

to

at

least

1994

No

furtheractionrecommendedbased

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-60

Bldg

9-101.2Accumulation

Area

0024

SWMU-60

is

an

accumulationstation

for

hazardous

or

dangerouswasteincluding

oily

rags

solvent

rags

batteries

paints

Inks

and

alodine

rags

The

waste

is

sent

to

SWMU-2

for

consolidationSWMU-60operated

from

unknown

date

to

at

least

1994

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-61

Bldg

9-101.2Accumulation

Area

0025

SWMU-61

Is

an

accumulationstation

for

hazardous

or

dangerous

waste

Including

oily

rags

solvent

rags

aerosol

cans

and

oil

for

recycling

The

waste

Is

sent

to

SWMIJ-2

or

SWMU-4

for

consolidationSWMU-61operated

from

unknown

date

to

at

least

1994

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-62

Bldg

9-102

Accumulation

Area

0027

SWMU-62

is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommendedbased

on

no

indication

of

past

wasteincluding

oil

for

recycling

The

waste

is

sent

to

SWMU-4

for

consolidationSWMU-62operated

from

unknown

date

to

at

least

1994

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-63

Bldg

9-120

Accumulation

Area

0028

SWMU-63

is

an

accumulationstation

for

hazardous

or

dangerous

waste

including

oily

rags

The

waste

is

sent

to

SWMU-2

for

consolidationSWMIJ-63operated

from

unknown

date

to

at

least

1994

No

furtheractionrecommended

based

on

no

Indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-64

Bldg

9-120.1Accumulation

Area

0029

SWMU-64

Is

an

accumulationstation

for

hazardous

or

dangerouswasteincluding

oil

for

recycling

The

waste

Is

sent

to

SWMU-4

for

consolidationSWMU-64operated

from

unknown

date

to

at

least

1994

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

nd

EPA

1994
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SWMUIAOC-lDLOCATIONDESCRIPTIONSTATUSSWMU-65

Bldg

9-120

AccumulatIon

Area

0031

SWMU-65

Is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

indication

of

past

waste

including

oty

rags

solvent

rags

aerosol

cans

and

batteriesreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

The

waste

is

sent

to

SWMIJ-1

for

consolidationSWMIJ-65

1994

operated

from

unknown

date

to

at

least

1994

SWMU-68

Bldg

9-120

Accumulation

Area

0032

SWMU-66

is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

indication

of

past

wasteIncludingsolvent

rags

paints

and

inks

The

waste

Is

sent

to

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

SWMU-2

for

consolidationSWMU-66operated

from

unknown

date

1994

to

at

least

1994

SWMU-67

Bldg

9-51

Accumulation

Area

DOSS

SWMU-67

is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommendedbased

on

no

Indication

of

past

waste

Including

Oily

rags

solvent

rags

aerosol

cans

and

batteriesreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

The

waste

Is

sent

to

SWMIJ-2

for

consolidationSWMU-67

1994

operated

from

unknown

date

to

at

least

1994

SWMU-68

Bldg

9-120

Accumulation

Area

0034

SWMU-68

is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommendedbased

on

no

indication

of

past

wasteincluding

oily

rags

solvent

rags

aerosol

cans

paInts

Inks

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

and

containers

with

paints

and

inks

The

waste

is

sent

to

SWMU.2

1994

for

consolidationSWMU-e8operated

from

unknown

date

to

at

least

1994

SWMU-69

Bldg

9-120.3Accumulation

Area

0036

SWMU-69

is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

indication

of

past

wasteIncluding

oily

rags

solvent

rags

aerosol

cans

and

batteriesreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

The

waste

is

sent

to

SWMU-2

for

consolidationSWMU-69

1994

operated

from

unknown

date

to

at

least

1994

SWMU-70

Bldg

9-140

Accumulation

Area

D037

SWMU-7o

is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

indication

of

past

wasteIncludingphotographicdeveloper

and

photographicfluidsreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

The

waste

is

sent

to

SWMU-2

for

consolidationSWMU-7o

1994

operated

from

unknown

date

to

at

least

1994

SWMIJ-71

Bldg

9-102

Accumulation

Area

D039

SWMU-71

Is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

Indication

of

past

waste

Including

Oily

rags

solvent

rags

aerosol

cans

and

oil

for

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

recycling

TIre

waste

Is

sent

to

SWMU-2

or

SWMU-4

for

1994

consolidationSWMU-71operated

from

unknown

date

to

at

least

1994a

SWMU-72

Bldg

9-08.4Accumulation

Area

0042

SWMU-72

is

an

accumulationstation

for

hazardous-ordangerous

No

furtheractionrecommended

based

on

no

indication

of

past

wasteincludingaerosol

cans

and

toner

The

waste

is

sent

to

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

SWMU-2

for

consolidationSWMU-72operated

from

unknown

date

1994

to

at

least

1994

SWMU-73

Bldg

9-101

Accumulation

Area

D043

SWMIJ-73

Is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheracticnrecommendedbased

on

no

indication

of

past

waste

including

oily

rags

and

solvent

rags

The

waste

is

sent

to

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

SWMU-2

for

consolidationSWMU-73operated

from

unknown

date

1994

to

at

least

1994

SWMU-74

Bldg

9-51

Accumulation

Area

0047

SWMU-74

Is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

indication

of

past

waste

The

waste

Is

sent

to

SWMU-2

for

consolidationSWMU-74releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

operated

from

unknown

date

to

at

least

1994

1994

SWMU-75

Bldg

9-51

Accumulation

Area

D048

SWMU-75

is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheracticnrecommendedbased

on

no

indication

of

past

waste

The

waste

is

sent

to

$WMU-2

for

consolidationSWMU-75releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

operated

from

unknown

date

to

at

least

1994

1994
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SWMU/AOC.IDLOCATIONDESCRIPTIONSTATUSSWMU-76

Bldg

9-101

Accumulation

Area

D051

SWMU-76

is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

indication

of

past

waste

includingbatteries

The

waste

Is

sent

to

SWMIJ-2

for

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

consolidationSWMU-76operated

from

unknown

date

to

at

least

1994

1994

SWMU-77

Bldg

9-101.1Accumulation

Area

0053

SWMU-77

Is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

indication

of

past

waste

Including

oily

rags

and

solvent

rags

The

waste

is

sent

to

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

SWMU-2

for

consolidationSWMU-77operated

from

unknown

date

1994

to

at

least

1994

SWMIJ-78

Bldg

9-101

Accumulation

Area

0054

SWMU-78

Is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommendedbased

on

no

indication

of

past

waste

includingsolvent

rags

The

waste

is

sent

to

SWMU-2

for

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

consolidationSWMU-78operated

from

unknown

date

to

at

least

1994

1994

SWMU-79

Bldg

9-53

Accumulation

Area

0058

SWMIJ-79

is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

indication

of

past

wasteincluding

oily

rags

solvent

rags

and

batteries

The

waste

is

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

sent

to

SWMU-2

for

consolidationSWMU-79operated

from

1994

unknown

date

to

at

least

1994

SWMU-80

Bldg

9-101.1Accumulation

Area

0061

SWMU-8o

is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

indication

of

past

waste

Including

oily

rags

solvent

rags

aerosol

cans

and

oil

for

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

recycling

The

waste

is

sent

to

SWMU-2

or

SWMU-4

for

1994

consolidationSWMLI-8ooperated

from

unknown

date

to

at

least

1994

SWMU-81

Bldg

9-96.2Accumulation

Area

0062

SWMU-81

is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

Indication

of

past

waste

Including

oil

for

recycling

The

waste

is

sent

to

SWMU-4

for

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

consolidationSWMU-81operated

from

unknown

date

to

at

least

1994

1994

SWMU-82

Bldg

9-101.1Accumulation

Area

Do63

SWMIJ-82

Is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommendedbased

on

no

indication

of

past

wasteincluding

oily

rags

The

waste

is

sent

to

SWMU-2

for

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

consolidationSWMLJ-82operated

from

unknown

date

to

at

least

1994

1994

SWMU-83

Bldg

9-101.2Accumulation

Ares

D064

SWMLJ.83

Is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

indication

of

peat

waste

Including

waste

hydrofluoric

acid

The

waste

is

sent

to

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

8WMU-2

for

consolidationSWMU-83operated

from

unknown

date

1994

to

at

least

1994

SWMLJ-84

Bldg

9-98.2

Accumulation

Area

0065

SWMIJ-54

Is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

indication

of

past

wasteIncludingaerosol

cans

and

batteries

The

waste

is

sent

to

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

SWMU-2

for

consolidationSWMI.J-84operated

from

unknown

date

1994

to

at

least

1994a

SWMU-85

Bldg

9-101.1Accumulation

Area

0066

SWMU-85

Is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

indication

of

past

wasteIncluding

paints

Inks

and

solvents

The

waste

Is

sent

to

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

SWMIJ-2

for

consolidationSWMU-85operated

from

unknown

date

1994

to

at

least

1994

SWMU-86

Bldg

9-101

Accumulation

Area

0071

SWMIJ-86

is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommendedbased

on

no

indication

of

past

wasteIncluding

paper

filters

with

compositesludge/coolant

The

releases

and

low

potential

for

futurerdease

SAIC

1994

and

EPA

waste

Is

sent

to

SWMU-2

for

consolidationSWMIJ-86operated

1994

from

unknown

date

to

at

least

1994

SWMU-87

Bldg

9-61

Accumulation

Area

0072

SWMU-87

is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommendedbased

on

no

indication

of

past

wasteincluding

oily

rags

The

waste

is

sent

to

SWMU-2

for

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

consolidationSWMU-87operated

from

unknown

date

to

at

least

1994

1994a

2127/02S\SHAREOOC\025\093\SuirimaryReport\BDCSummaryReportTablesTableLandauAssociates



CD CD CD 1\

TABLE

BOEING

DEVELOPMENTAL

CENTER

DESCRIPTION

OF

SWMUs

AND

AOCs

Page

of

14

-o CD -S -o -S C-

SWMU/AOC-lDLOCATIONDESCRIPTIONSTATUSSWMU-88

Bldg

9-101

Accumulation

Area

D074

SWMIJ-88

is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

Indication

of

past

wasteincluding

med

acid

platingsolutinos

and

sodiumreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

hydroxide/chromiumwastes

The

waste

is

sent

to

SWMU-2

for

1994

consolidationSWMU-88operated

from

unknown

date

to

at

least

1994

SWMU-89

Bldg

9-08

Accumulation

Area

D075

SWMIJ-89

is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

Indication

of

past

wasteIncluding

oily

rags

aerosol

cans

batteries

and

spent

tonerreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

cartridges

The

waste

is

sent

to

SWMU-2

for

consolidation

SWMU

1994

89

operated

from

unknown

date

to

at

least

1994

SWMU.90

Bldg

9-60

Accumulation

Area

0075

SWMU-90

is

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

Indication

of

past

waste

including

oily

rags

paint

and

Ink

contaminateddebris

and

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

alodineContaminated

rags

The

waste

is

sent

to

SWMU-2

for

1984

consolidationSWMU-9ooperated

from

unknown

date

to

at

least

1994

SWMIJ-91

Bldg

9-08.3FormerAccumulation

Area

0001

SWMU-91

was

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

indication

of

past

wasteSWMU-91operated

from

an

unknown

time

and

ceasedreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

operation

prior

to

1991

1994

SWMU-92

Bldg

9-48

FormerAccumulation

Area

0002

SWMU-92

was

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

indication

of

past

wasteSWMU-92operated

from

an

unknown

lime

and

ceasedreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

operation

prior

to

1991

1994

SWMU-93

Bldg

9-99

FormerAccumulation

Area

0006

SWMU-93

was

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

indication

of

past

waste

SWMU-93operated

from

an

unknown

time

and

ceasedreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

operation

prior

to

1991

1994

SWMU-94

Bldg

9-101

FormerAccumulation

Area

0015

SWMU-94

was

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommended

based

on

no

indication

of

past

waste

SWMU-94operated

from

an

unknown

time

and

ceased

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

operation

prior

to

1991

1994

SWMU-95

Bldg

9-101

FormerAccumulation

Area

0018

SWMU-95

was

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommendedbased

on

no

indication

of

past

waste

SWMU-95operated

from

an

unknown

time

and

ceasedreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

operation

prior

to

1991

1994

SWMU-96

Bldg

9-101.1FormerAccumujaiton

Area

D022

SWMU-96

was

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommendedbased

on

no

indication

of

pust

waste

SWMIJ-96operated

from

an

unknown

time

and

ceasedreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

Operation

prior

to

1991

1994

SWMU-97

Bldg

9-101

FormerAccumulation

Area

0023

SWMU-97

was

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommendedbased

on

no

indication

of

past

waste

SWMU-97operated

from

an

unknown

time

and

ceasedreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

operation

prior

to

1991

1994

SWMU-98

Bldg

9-101.2FormerAccumulation

Area

0026

SWMU-98

was

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommendedbased

on

no

indication

of

past

waste

SWMU-98operated

from

an

unknown

time

and

ceasedreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

operation

prior

to

1991

1994

SWMU-99

Bldg

9-101.1FormerAccumulation

Area

0030

SWMU-99

was

an

accumulationstation

for

hazardous

or

dangerous

No

furtheractionrecommendedbased

on

no

indication

of

past

wasteSWMU-99operated

from

an

unknown

time

and

ceasedreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

operation

prIor

to

1991

1994

SWMU-100

Bldg

9-120

FormerAccumulation

Area

0035

SWMU-loo

was

an

accumulationstation

for

hazardous

or

No

furtheractionrecommendedbased

on

no

indication

of

past

dangerous

waste

SWMU-100operated

from

an

unknown

time

and

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

ceasedoperation

prior

to

1991

1e94

SWMU-101

Bldg

9-101

FormerAccumulation

Area

0036

SWMU-1o1

was

an

accumulationstation

for

hazardous

or

No

furtheractionrecommendedbased

on

no

indication

of

past

dangerouswasteSWMU-1O1operated

from

an

unknown

time

and

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

ceasedoperation

prior

to

1991

1994
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Bldg

9-70

FormerAccumulation

Area

D040

SWMU-102

was

an

accumulationstation

for

hazardous

or

No

furtheractionrecommended

based

on

no

indication

of

past

dangerouswasteSWMU-102operated

from

an

unknown

time

and

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

ceasedoperation

prior

to

1991

1994

SWMU-103

Bldg

9-50

FormerAccumulation

Area

D041

SWMU-103

was

an

accumulationstation

for

hazardous

or

dangerous

waste

SWMU-103operated

from

an

unknown

time

and

ceasedoperation

prior

to

1991

No

furtheractionrecommendedbased

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SA1C

1994

and

EPA

1994

SWMU-104

Bldg

9-101

FormerAccumulation

Area

D044

SWMU-104

was

an

accumulationstation

for

hazardous

or

dangerous

waste

SWMU-104operated

from

an

unknown

time

and

ceasedoperation

prior

to

1991

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMIJ-105

Bldg

9-90.2FormerAccumulation

Area

0045

SWMU-105

was

an

accumulationstation

for

hazardous

or

dangerous

waste

SWMU-105operated

from

an

unknown

time

and

ceasedoperation

prior

to

1991

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAiC

1994

and

EPA

1994

SWMU-106

Bldg

9-101

FormerAccumulation

Area

0046

SWMU-106

was

an

accumulationstation

for

hazardous

or

dangerouswasteSWMU-106operated

from

an

unknown

time

and

ceasedoperation

prior

to

1991

No

furtheractionrecommendedbased

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SA1C

1994

and

EPA

1994

SWMU-107

Bldg

9-101.1FormerAccumulation

Ares

D049

SWMU-107

was

an

accumulationstation

for

hazardous

or

dangerous

waste

SWMU-107operated

from

an

unknown

time

and

ceasedoperation

prior

to

1991

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SA1C

1994

and

EPA

1994

SWMU-108

Bldg

9-101

FormerAccumulation

Area

0050

SWMU-108

was

an

accumulationstation

for

hazardous

or

dangerouswasteSWMU-108operated

from

an

unknown

time

and

ceasedoperation

prior

to

1991

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SA1C

1994

and

EPA

1994

SWMIJ-1

09

Bldg

9-52

FormerAccumulation

Area

0052

SWMU-109

was

an

accumulationstation

for

hazardous

or

dangerouswasteSWMIJ-1o9operated

from

an

unknown

time

and

ceasedoperation

prior

to

1991

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurereiease

SAIC

1994

and

EPA

1994

SWMU-1

10

Bldg

9-101

FormerAccumulation

Area

0055

SWMU-110

was

an

accumulationstation

for

hazardous

or

dangerous

waste

SWMU-1

10

operated

from

an

unknown

time

and

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

ow

potential

for

futurerelease

SAIC

1894

and

EPA

ceasedoperation

prior

to

1891

1994

SWMIJ-1

11

Bldg

9-101.2FormerAccumulation

Area

0056

SWMU-1

11

was

an

accumulationstation

for

hazardous

or

dangerous

waste

SWMU-111operated

from

an

unknown

time

and

ceasedoperation

prior

to

1991

No

furtheractionrecommendedbased

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-1

12

Bldg

9-101.2FormerAccumulation

Area

D057

SWMU-1

12

was

an

accumulationstation

for

hazardous

or

dangerouswasteSWMU-112operated

from

an

unknown

time

and

ceasedoperation

prior

to

1991

No

furtheractionrecommendedbased

on

no

indication

of

Past

releases

and

low

potential

for

futurerelease

SAiC

1994

and

EPA

1994

SWMU-1

13

Bldg

9-77.3FormerAccumulation

Area

0059

SWMLJ-1

13

was

an

accumulationstation

for

hazardous

or

dangerouswasteSWML1-113operated

from

an

unknown

time

and

ceasedoperation

prior

to

1991

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurereiease

SAIC

1994

and

EPA

1994

SWMU-1

14

Bldg

9-101.1FormerAccumulation

Area

0060

SWMU-1

14

was

an

accumulationstation

for

hazardous

or

dangerouswasteSWMU-114operated

from

an

unknown

time

and

No

furtheractionrecommended

based

on

no

Indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

ceasedoperation

prior

to

1991

1994

SWMU-l

15

Bldg

9-101.1FormerAccumulation

Area

D067

SWMU-1

15

was

an

accumulationstation

for

hazardous

or

dangerouswasteSWMU-115operated

from

an

unknown

time

and

ceasedoperation

prior

to

1991

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMIJ-1

16

Bldg

9-140

FormerAccumulation

Area

0068

SWMIJ-1

18

was

an

accumulationstation

for

hazardous

or

dangerous

waste

SWM1J-1

16

operated

from

an

unknown

time

and

ceasedoperation

prior

to

1991

No

furtheractionrecommendedbased

on

no

Indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-1

17

Bldg

9-140

FormerAccumulation

Area

0069

SWMU-1

17

was

an

accumulationstation

for

hazardous

or

dangerous

waste

SWM1J-117operated

from

an

unknown

time

and

No

furtheractionrecommendedbased

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

ceasedoperation

prior

to

1991

1994
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SWMU/AOC-IDLOCATIONDESCRIPTIONSTATUSSWMU-1

18

Bldg

9-120

FormerAccumulation

Area

D070

SWMU-1

18

was

an

accumulationstation

for

hazardous

or

No

furtheractionrecommended

based

on

no

indication

of

past

dangerouswasteSWMU-I

18

operated

from

an

unknown

time

and

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

ceasedoperation

prior

to

1991

1994

SWMU-1

19

Bldg

9-101.2FormerAccumulation

Area

Do7

SWMIJ-1

19

was

an

accumulationstation

for

hazardous

or

dangerous

waste

SWMU-1

19

operated

from

an

unknown

time

and

ceasedoperation

prior

to

1991

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-120

Bldg

9-102

FormerAccumulation

Area

D077

SWMU-120

was

an

accumulationstation

for

hazardous

or

dangerous

waste

SWMU-1

20

operated

from

an

unknown

time

and

ceasedoperation

prIor

to

1991

No

furtheractionrecommended

based

on

no

Indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-121

Bldg

9-43

FormerAccumulation

Area

D078

SWMU-121

was

an

accumulationstation

for

hazardous

or

dangerous

waste

SWMU.121operated

from

an

unknown

time

and

ceasedoperation

prior

to

1991

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU.122FormerAccumulation

Area

DTOI

SWMU-122

was

an

accumulationstation

for

hazardous

or

dangerouswasteSWMIJ-122operated

from

an

unknown

time

and

ceasedoperation

prior

to

1991

No

furtheraotionrecommendedbased

on

no

indication

of

past

releases

and

low

potentaI

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-123

Bldg

9-90

FormerAccumulation

Area

Photographic

Waste

SWMU-123

was

an

accumulationstation

for

hazardous

or

dangerous

waste

SWMU-123operated

from

an

unknown

time

and

ceasedoperation

prior

to

1991

No

furtheractionrecommendedbased

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-1

24

Bldg

9.51

NewyorkBlowerBsghouseSWMU-124

is

wood

dust

collector

The

dust

collector

Is

used

as

containment

for

air

releases

of

dust

as

result

of

manufacturingprocesses

No

furtheractionrecommendedbased

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-1

25

Bldg

9-51

SpencerBaghouseSWMU.125

Is

wood

dust

collector

The

dust

collector

is

used

as

containment

for

air

releases

of

dust

as

result

of

manufacturingprocesses

No

furtheractionrecommendedbased

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-126

Bldg

9-53

Delta

Filter

Pack

Box

SWMU-126

Is

metal

dust

collector

The

dust

collector

is

used

as

containment

for

air

releases

of

dust

as

result

of

manufacturingprocesses

No

furtheractionrecommendedbased

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-127

Bldg

9-53

Kel

Filter

Bag

SWMU-127

isa

metal

dust

collector

The

dust

collector

is

used

as

containment

for

air

releases

of

dust

as

result

of

manufacturing

No

furtheractionrecommendedbased

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

processes

1994

SWMU-128

Bldg

9-77

SternventFilter

Pack

Box

SWMU-128

isa

wood

and

metal

dust

collector

The

dust

collector

is

used

as

containment

for

air

releases

of

dust

as

result

of

manufacturingprocesses

No

furtheractionrecommendedbased

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-129

Bldg

9-77

SternventFilter/

Pack

Box

SWMU-129

is

wood

and

metal

dust

collector

The

dust

collector

is

used

as

containment

for

air

releases

of

dust

as

result

of

manufacturingprocesses

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-130

Bldg

9-77

StemventFilter

Pack

Box

SWMU-130

is

wood

and

metal

dust

collector

The

dust

collector

Is

used

as

containment

for

air

releases

of

dust

as

result

of

manufacturingprocesses

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU.131

Bldg

9-99

Aget

Filter

Pack

Box

SWMU-131

Is

metal

dust

collector

The

dust

collector

is

used

as

No

furtheractionrecommended

based

on

no

indioation

of

past

containment

for

air

releases

of

dust

as

result

of

msnufacturingreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

processes

1994

SWMU-132

Bldg

9-101

Donaldson

Tent

Bag

FilterSWMU-132

is

composite

dust

collector

The

dust

collector

is

used

as

containment

for

air

releases

of

dust

as

result

of

manufacturingprocesses

No

furtheractionrecommendedbased

on

no

Indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMIJ-133

Bldg

9-101

Donaldson

Torit

Bag

FilterSWMU-133

Is

composite

dust

collector

The

dust

collector

is

used

as

containment

for

air

releases

of

dust

as

result

of

manufacturingprocesses

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994
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SWMU/AOC-IDLOCATIONDESCRIPTIONSTATUSSWMU-134

Bldg

9-101

Donaldson

Torit

Bag

FilterSWMU-134

is

composite

dust

collector

The

dust

collector

is

No

furtheractionrecommended

based

on

no

indication

of

past

used

as

containment

for

air

releases

of

dust

as

result

of

releases

and

low

potential

for

futurerelease

SAIC

1994

arid

EPA

manufacturingprocesses

1994

SWMU-1

35

Bldg

9-101Clerncoindustries

Sand

Blaster

with

Drum

FilterSWMU-135

is

metal

sand

and

phenolic

dust

collector

The

dust

collector

is

used

as

containment

for

air

releases

of

dust

as

result

of

manufacturingprocesses

No

furtheractionrecommendedbased

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-136

Bldg

9-101

Empire

Abrasive

Sand

Blaster

with

Drum

FilterSWMU-136

Is

composite

dust

collector

The

dust

collector

is

used

as

containment

for

air

releases

of

dust

as

result

of

manufacturingprocesses

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-1

37

Bldg

9-101

Agent

ManufacturingFilter

Pack

Box

SWMU-137

Is

metal

dust

collector

The

dust

collector

is

used

as

containment

for

air

releases

of

dust

as

result

of

manufacturingprocesses

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

PA

1994

SWMU-13.8

Bldg

9-101

Delta

Filter

Pack

Box

SWMIJ-138

isa

wood

and

metal

dust

collector

The

dust

collector

Is

used

as

containment

for

air

releases

of

dust

as

result

of

manufacturingprocesses

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-139

Bldg

9-101

Aget

DustkopFilter

Pack

Box

SWMU-139

is

composite

dust

collector

The

dust

collector

is

used

as

containment

for

air

releases

of

dust

as

result

of

manufacturingprocesses

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-140

Bldg

9-101

RockwellFilter

Pack

Box

SWMU-140

Is

composite

dust

collector

The

dust

collector

is

used

as

containment

for

air

releases

of

dust

as

result

of

manufacturingprocesses

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-141

Bldg

9-101

MicropulseBaghouseSWMU-141

isa

composite

dust

collector

The

dust

collector

is

used

as

containment

for

air

releases

of

dust

as

result

of

manufacturingprocesses

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAC

1994

and

EPA

1994

SWMU-142

Bldg

9-101

SpencerBaghouseSWMU-142

Is

composite

dust

collector

The

dust

collector

is

used

as

contaInment

for

air

releases

of

dust

as

result

of

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

manufacturingprocesses

1994

SWMU-143

Bldg

9-101

SpencerBaghouseSWMU-143

Is

composite

dust

collector

The

dust

collector

is

used

as

containment

for

air

releases

of

dust

as

result

of

manufacturingprocesses

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-144

Bldg

9-101

Donaldson

Torit

Bag

FilterSWMU-144

is

composite

dust

collector

The

dust

collector

is

used

as

containment

for

air

releases

of

dust

as

result

of

manufacturingprocesses

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-145

Bldg

9-101

DonaldsonIndustriesBaghouseSWMLJ-145

is

composite

dust

collector

The

dust

collector

is

used

as

containment

for

air

releases

of

dust

as

result

of

manufacturingprocesses

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-146

Bldg

9-101

Donaldson

Torit

Bag

FilterSWMU-146

Is

composite

dust

collector

The

dust

collector

Is

used

as

containment

for

air

releases

of

dust

as

result

of

manufacturingprocesses

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-147

Bldg

9-101Donaldson

Torit

Bag

FilterSWMU-147

isa

composite

dust

collector

The

dust

collector

is

used

as

containment

for

air

releases

of

dust

as

result

of

manufacturingprocesses

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-148

Bldg

9-101

HoffmanSWMU-148

Is

composite

dust

collector

The

dust

collector

is

used

as

containment

for

sir

releases

of

dust

as

result

of

manufacturingprocesses

No

furtheractionrecommended

based

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

SWMU-149

Bldg

9-101

TonI

Corp

Filter

Pack

Box

SWMU-149

Is

metal

dust

collector

The

dust

collector

is

used

as

containment

for

air

releases

of

dust

as

result

of

manufacturingprocesses

No

furtheractionrecommendedbased

on

no

indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

PA

1994

SWMIJ-150

Bldg

9-101

RockwellFilter

Pack

Box

SWMU-150

isa

wood

and

metal

dust

collector

The

dust

collector

Is

used

as

containment

for

air

releases

of

dust

as

result

of

manufacturingprocesses

No

furtheractIOnrecommendedbased

on

no

Indication

of

past

releases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

1994

2/27/02S\SHAREDOC\025\093\SummaryReport\SDCSummaryReportTablesTable
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Page
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of

14

SWMU/AOC-IDLOCATIONDESCRIPTIONSTATUSSWMU-151

Bldg

9-120

Torit

Filter/

Pack

Box

SWMU-151

is

wood

dust

collector

The

dust

collector

is

used

as

No

furtheractionrecommended

based

on

no

indication

of

past

containment

for

air

releases

of

dust

as

result

of

manufacturingreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

processes

1994

SWMU-1

52

Bldg

9-120

ToritFilter/

Pack

Box

SWMU-152

is

wood

dust

collector

The

dust

collector

is

used

as

No

furtheractionrecommended

based

on

no

indication

of

past

containment

for

air

releases

of

dust

as

result

of

manufacturingreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

processes

1994

SWMU-1

53

Bldg

9-120

Torit

Filter/

Pack

Bags

SWMU-153

Is

plastic

dust

collector

The

dust

collector

Is

used

as

No

furtheractionrecommended

based

on

no

Indication

of

past

containment

for

air

releases

of

dust

as

result

of

manufacturingreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

processes

1994

SWMU-154

Bldg

9-120

SpencerBaghouseSWMU-154

Is

wood

dust

collector

The

dust

collector

Is

used

as

No

furtheractionrecommended

based

on

no

indication

of

past

containment

for

air

releases

of

dust

as

result

of

manufacturingreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

processes

1994

SWMU-155

Bldg

9-120

SpencerBaghouseSWMU-155

isa

wood

dust

collector

The

dust

collector

is

used

as

No

furtheractionrecommended

based

on

no

indication

of

past

containment

for

air

releases

of

dust

as

result

of

manufacturingreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

processes

1994

SWMU-156

Bldg

9-120

Donaldson

Tort

Baghouse$WMU-156

isa

wood

metal

and

plastic

dust

collector

The

dust

No

furtheractionrecommended

based

on

no

indication

of

past

collector

is

used

as

containment

for

air

releases

of

dust

as

resultreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

of

manufacturingprocesses

1994

SWMU-157

Bldg

9-120

Tort

BaghouseSWMU.157

is

plastic

dust

collector

The

dust

collector

is

used

as

No

furtheractionrecommended

based

on

no

indication

of

past

containment

for

air

releases

of

dust

aa

result

of

manufacturingreleases

and

low

potential

for

futurerelease

SAIC

1994

and

EPA

processes

1994

AOC-01UndergroundStorage

Tank

DC

14

AOC-O1

is

the

location

of

1100

gal

UST

used

to

storegasoline

The

three

monitoring

wells

will

be

sampledbiannually

until

two

The

1100

gal

UST

replacedleaking

500

gal

gasoline

UST

In

1990

consecutivemonitoringevents

are

obtainedwithoutdetections

of

TPH

After

the

removal

of

the

older

UST

soil

was

excavated

until

soil

at

gasoline

TPH

diesel

and

BTEX

Boeing

2001

the

base

of

the

excavation

met

MTCA

MethodcleanuplevelsAOC-01

has

been

in

operation

from

1985

to

present

More

information

on

AOC-01

is

presented

in

Section

4.8

AOC-02UndergroundStorage

Tank

DC

13

AOC-02

is

the

location

of

550

gal

UST

used

to

store

diesel

The

The

three

monitoring

wells

will

be

sampledbiannually

until

two

550

gal

UST

replaced

300

gal

diesel

UST

in

1990

After

the

consecutivemonitoringevents

are

obtainedwithoutdetections

of

TPH

removal

of

the

older

UST

soil

was

excavated

until

soil

at

the

base

gasoline

TPH

diesel

and

BTEX

Boeing

2001

of

the

excavation

met

MTCA

MethodcleanuplevelsAOC-02

has

been

In

operation

from

1985

to

present

More

information

on

AOC-02

is

presented

in

Section

4.8

AOC-03UndergroundStorage

Tank

DC

20

AOC-03

Is

the

location

of

20.000

gal

UST

used

to

store

No

fuel

The

two

monitoring

wells

will

be

sampledbiannually

until

four

oil

used

by

the

steam

plant

in

Building

9-50

The

UST

replacedconsecutivegroundwatersamples

are

obtained

that

are

non-detect

for

similar

UST

when

leak

was

discovered

in

1991

During

the

UST

TPH

diesel

Boeing

2001

removalapproximately

250

ydA3

of

TPH

contaminated

soil

and

200-

500

gals

of

free

phase

hydrocarbonproductwereremoved

from

the

excavationAOC-03

has

been

in

operation

from

1957

to

present

More

information

on

AOC-03

is

presented

in

Section

4.9

AOC-04UndergroundStorage

Tank

DC

21

AOC-o4

Is

the

location

of

20000

gal

UST

used

to

store

No

fuel

The

two

monitoringWells

Will

be

sampledbiannuallyuntil

four

oil

used

by

the

steam

plant

In

Building

9-50

The

UST

replacedconsecutivegroundwatersamples

are

obtained

that

are

non-detect

for

similar

UST

when

leak

was

discovered

in

1991

During

the

UST

TPH

diesel

Boeing

2001

removalapproximately

250

ydA3

of

TPH

contaminated

soil

and

200-

500

gal

of

free

phase

hydrocarbonproductwereremoved

from

the

excavationAOC-04

has

been

In

operation

from

1957

to

present

More

Information

on

AOC-04

Is

presented

in

Section

4.9

2/27/02SSHARED0C\O25093\SurruaryReport\BDCSummaryReportTablesTable
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BOEING

DEVELOPMENTAL

CENTER

DESCRIPTION

OF

SWMUs

AND

AOCs

SWMU/AOC-IDLOCATIONDESCRIPTIONSTATUSAOC-05UndergroundStorage

Tank

DC

01

AOC-05

was

the

location

of

1000

gal

UST

used

to

store

gasoline

ORC

will

be

injected

into

groundwater

to

promoteaerobic

leak

of

gasolineoccurred

in

1985

The

UST

was

closed

and

biodegradation

of

residualpetroleumhydrocarbonconstituents

In

removed

after

the

leak

occurred

During

the

UST

removal500-800groundwaterGroundwatersamples

will

be

collectedmonthly

for

three

gals

of

floatingproduct

was

removed

from

the

excavationmonthsfollowing

CRC

Injection

for

BTEX

and

gas-rangepetroleumAdditionalgasolinecontamination

was

removedwithin

the

hydrocarbonsexcavated

soils

Boeing

2001

AOC-05operated

from

an

unknown

time

to

1985

More

informationonAOC-05

Is

presented

in

Section

4.10

Notes

Waste

accumulationareas

are

designed

to

be

self-contained

Small

quantitywastecollectionareas

are

movedaround

to

accommodatemanufacturingoperationsSWMU-51

to

90

wereobserved

in

1994

and

may

not

currently

exist

Wasteaccumulationareas

are

designed

to

be

self-contained

Small

quantitywastecollectionareas

are

movedaround

to

accommodatemanufacturingoperationsSWMU-91

to

123

ware

observed

In

1991

but

were

not

present

in

1994

Filteringsystems

are

designed

to

be

self-containedFilteringsystems

are

movedaround

to

accommodatemanufacturingoperationsSWMU-124

to

1S7

wereobserved

in

1994

and

may

not

currentlyexist

-o CD -S Cl 00 -o -S 00 00 0t

-n
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NA

TABLE

PRELIMINARYGROUNDWATERSCREENINGLEVELS

In

pgIL

3.7

Aquatic

Life

MarinebenzeriecarbondisulfldeStateChronicFederalChronicState-ChronicAquatic

Life

2-chioroethyl

vinyl

etherchloroform12-dichioro-12-trlituor1-dichiorcethanel.2-rbchlorceihanetichioroethenecis-12-dichioroeihenehrnnic

NA

HumanHaaithFederal

Inn

of

Gm

NA

trans-I.2-dichioroethene

NA NA NA NA NA NA NA

NA

MTCA

MethodrtaceWaterEquationHumanHealth

ab

NA 22 NA

eihylbenzeneFreonmethylene

thir

nethylethyl

ki

StNOfle

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

trineSurfaceWaterMethodEPreiminaryScreeningLevelFreshSurfaceWater

NA

dl

NA NA NA NA NA NA NA NA

100

NA NA NA NA NA

NA

47 NA NA 99 3.2 NA NA

280 NA NA 59 1.9

NA NA NA NA NA

10

NA 5c

-o CD -o C-

tetrachloroethenetolueneTrichinmethune

11

1-inchioroethaih2-Tricblcroethanbichioroethene.2.4-him.35-trim

vinyl

chloirn-xyleneo-sylene

NA NA NA NA NA

71 NA NA
470

NA NA

NA

NA NA NA NA NA

32800

99

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA NA

NA NA

NA NA

NA
NA

NA

NA

NA NA NA NA NA

SemlvoiatileOrganics

6910
NA 960 NA NA 4.2

48.500

17000
117000

25

NA

25.000

NA
1600

NA NA
8.85 2000

NA NA 42 81 NA NA 525 NA NA

NA 99 NA 2.800 0000

5d NA 5c NA 5c NA

NA
32.80029.000

NA
1.600

NA NA

200000bis2-ethylhexylphthaiatedi-bulylphthutatediethylphthaiateiaphthaienemaanthraccueChrysenc

NA

NA

NA

NA

NA NA NA NA NA

p.Xyime

NA

NA

NA

NA

NA

NA

NA NA

1600

NA NA

56 NA NA 3.7 NA

NA

NA NA NA NA NA NA

NA NA

dl

41700017.00

42 81 NA

NA

NA

AcentaphihcneAnthraccucniusrantheechtuomcnnhcnanthrmncPyrcrrcibcrmobnaofaiPCBsTotal

PCBu

at

PetroleumTPH-diesei

5ce

NA

NA NA NA NA NA

5.9

12.000120000

NA
0.031200.00041700017.000

42 81 NA NA 525 MA NA NA

NA NA NA NA NA

NA

NA NA NA NA NA NA NA NA

5ce
3i NA

10 10

NA NA NA NA NA
lA

NA NA NA NA NA NA NA

0.031

525
NA NA NA

3.6
12000TPH-gasotine0.0296

NA
110.000

370

14000

NA

-I
Ca

MetesaluminumOrsenic

in

barium

olium cadmium0.0296640.026.000

90
3500

3.6

NA

0.1

10c 10c
10

NA

11000120000

4940
0.1 0.1

640.0110.000

NA

NA NA
0.014

NA

NA

12.000120000 4940

0.1

2600

NA

10c

0.1

370

9.3

NA

catoue

NA

NA

chromium

iii

NA

NA9.3

NA NA 190 NA NA

640.026000

90
3.500

NA
2600

NA

NA NA 0.14 NA NA

500
800

NA
0.098

0.84 14

111

NA

NA

NA 273
20.3

NA

243.000

500

NA

5Q NA

0.2

NA

10

Cc

NA
273

800
NA IA

273

NA

243000

10

2127102S2SHAREDOCIO25\593180CSummaryReportTabhuTable2LandauAssociates



TABLE

Page

of

PRELIMINARYGROUNDWATERSCREENINGLEVELS

In

gIL

blentWaterQualityCriteria

MTCA

MethodMethodPreliminaryMethodPreliminaryConstituentAquatic

Ufe

-MarineState-ChronicFederal-ChronicAquatic

Lit-

State-ChronicFreshWaterFederalChronicHumanHealthFederal

ing

of

Org

SurfaceWaterEquation

for

HumanHealth

ab

PQL

ScreeningLevelMarineSurfaceWaterScreeningLevelFreshSurfaceWaterthromium

Vi

50

50

10

10

NA

490

so

ao

50

cobalt

NA

NA

NA

NA

NA

NA

NA

NA

NA

COPpm

3.1

3.1

8.9g

11h

NA

2.660

3.4

3.4

8.59

iron

NA

NA

NA

NA

NA

NA

NA

NA

NA

lead

e.i

81

1.85

2.5

NA

NA

8.1

magnesium

NA

NA

NA

NA

NA

NA

NA

NA

NA

manganese

NA

NA

NA

NA

NA

NA

NA

NA

NA

mercury0.0250.0250.0120.012

0.15

NA

0.3

0.3

0.3

molybdenum

NA

NA

NA

NA

NA

NA

NA

NA

NA

nickel

8.2

8.2

1249

160

4.6001100

160

aliver

NA

NA

NA

NA..

NA

26.000

70

2600026000

dnc

81

81

82.3

100

NA

16500

45

81

100

Equationvalueslisted

only

for

constituents

for

whichsufficlenilyprotectivehuman-healthbasedcriteria

have

not

been

establishedunderapplicablestate

and

federal

laws

Ecology

2001

Practicalquanlitationlimit

from

Ecology

1995

CI

Id

Practicalquantitationlimit

from

DevelopmentalCenterGroundwaterMonitoring

Plan

BoeIng2901

PCI

for

totalxytene

MTCA

Methodgroundwaterscreeninglevei

for

drinkingwaterEcoiogy2001

CD

Hardnessdependenthardnessassumed

to

be

75.4

mg/I..

ii

Hardness

and

watereffectratiodependenthardnessassumed

lobe

100

mg/I

watereffectratioassumed

to

be

1.0

PCI

for

individualArocior

with

hIghest

MDL

Crtteila

for

11

.ltilciiloroethane

Ten

times

ARt

methoddetectionlimit

NA

waterscreeninglevel

not

available

TJ

compoundsdetected

In

soil

but

not

in

water

-H CD CD

LandauAssociates2/27/02SA5HAREDOC1O25\tn3\SDCssrnmaryRepertTabhsTabe2



TABLE Page lof

PRELIMINARY SOIL SCREENING LEVELS

Protection of

Protection of groundwater

groundwater based based on fresh Background

on marine surface surface water PSL PQL from Ecology

BDC PSL mg/kg water PSL mg/kg mg/kg mg/kg mg/kg

Volatile organics

acetone NA NA NA 0.01

benzene 220 216 216 0.005

carbon disultide NA NA NA 0.1

2-chioroethyl vinyl ether NA NA NA NA

chloroform 2.5 2.5 2.5 0.005

11-dichioroethane NA NA NA 0.005

12-dichloroethane 0.48 0.48 0.48 0.005

11-dichloroethene 0.02 0.02 0.02 0.005

cis-12-dichloroethene NA NA NA 0.005

trans-12-dichloroethene 180 178 178 0.005

12-dichloro-112-tiichoroethene NA NA NA NA

ethylbenzene 250 251 251 0.005

freon NA NA NA NA

methyl ethyl ketone NA NA NA 0.01

methylene chloride 7.0 7.0 0.005

naphthalene 140 138 138 0.66

styrene NA NA NA 0.005

tetrachloroethene 0.1 0.10 0.10 0.005

toluene 1450 145 145 0.005

111-trichloroethane 3300 330 330 0.005

112-trichloroethane 0.23 0.23 0.23 0.005

trichloroethylene 0.54 0.54 0.54 0.001

124-trimethylbenzene NA NA NA NA

135-trimethylbenzene NA NA NA NA

vinyl chloride 3.3 3.3 3.3 0.02

m-xylene NA NA NA 0.005

o-xylene NA NA NA 0.005

p-xylene NA NA NA 0.005

Semivolatile organics

bis2-ethylhexyl phthalate 13 13 13 0.66

di-butyl phthalate 420 424 424 NA

diethyl phthalate 680 677 677 0.66

PAHs

acenaphthene 70 70 70 0.66

anthracene 52000 52100 52100 0.66

benzotajanthracene 0.22 022 0.22 0.008

chrysene 0.25 0.25 0.25 0.01

dibenzofuran NA NA NA 0.33

fluoranthene 370 365 365 0.66

fluorene 2200 2210 2210 0.66

phenanthrene NA NA NA 0.66

pyrene 15000 15000 15000 0.66

Total PCBs

PCBs 0.33 0.01 0.01 0.33

TPH

diesel 2000

gasolIne 100

Metals

aluminum NA NA NA NA 32600

arsenic inorganic 0.08 0.08 0.5

barium and compounds NA NA NA NA NA

beryllium 4300 4310 4310 NA 0.6

cadmium 1.2 0.14 0.05

2/27/2002 S\SHAREDOC\025\093\Summary Report\BDc Summary Repnrt Tabesxls Table3 Landau Associates
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TABLE Page2of2

PRELIMINARY SOIL SCREENING LEVELS

Protection of

Protection of groundwater

groundwater based based on ftesh Background

on marine surface surface water PSL PQL from Ecology

BDC PSL mg/kg water PSL mg/kg mg/kg mg/kg mg/kg

calcium NA NA NA NA NA

chromiumlll 6500000 6748000000 6480000 0.5 NA

chromiuniVl 3.8 19 3.8 NA NA

cobalt NA NA NA NA NA

copper 36 1.4 4.9 0.5 36

iron NA NA NA NA 36100

lead 500 1620 500 0.5 24

magnesium NA NA NA NA NA

manganese NA NA NA NA NA

mercury
0.07 0.03 0.01 0.002 0.07

molybdenum NA NA NA NA NA

nickel 20 11 209 20 48

silver 4400 4420 4420 NA

zinc 100 101 124 85

Most stringent SSL selected SSL replace with POL or background concentration if SSL less than either of these values

Practical quantitation limit from Ecology 1995

Puget sound basin 90th percentile value from Ecology 1994

Ten times ARI method detection limit

MTCA Method industrial value

2/27/2002 S\SHAREDOC\025\003\SUmmarY Report\BDC Summary Report Tables.xls TabIe3 Landau Associates

DFT 001035
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SWMU

16

PCB

CONCENTRATIONS

IN

GROUNDWATER

SAMPLES

in

ugiL

Sample

ID

SB-I

SB-I

SB-2

SB-2

SB-3

SB-3

SB-4

SB-4

SB5

SB-5

5B6

SB6

Date

Collected1/231011/23/01123/011/23/011/23/011/23/01

1/2401

1/24/011/24/011/241011/24/011/24/01

Depth

below

Water

Table

in

ft

0-3.5

10-13.5

0-3.5

10-13.5

0-3.5

10-13.5

0-3.5

10-13.5

0-3.5

10-13.5

0-3.5

10-13.5ArocIorlOl6

IU

1U

IU

IU

IU

IU

IU

1U

IU

1U

1U

IU

Aroclorl242

IU

IU

IU

IU

IU

1U

IU

IU

IL

IU

IU

IL

ArocIorl248

IU

IU

1U

IL

IU

IU

IU

IU

IL

1U

1U

IU

ArocIorl254

IU

IU

IU

IU

IU

IL

IL

IU

1U

IU

1U

1U

Aroclorl26O

IL

1U

IU

IL

IU

IU

1U

1U

1U

1U

1U

1U

Arocor1221

2U

2U

2U

2U

2U

2U

2U

2U

2U

2U

2U

2U

Aroclorl232

IU

1U

1U

IU

1U

1U

1U

IU

1U

1U

IL

IU

-o CD

Analyte

not

detected

at

indicateddetection

limit

Data

from

IT

2001

-o -S C-

2127/02s\sharedoc\025\093\SununaiyReport\BDCSummaiy

Report
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TABLE Page lof

SWMU 17 DETECTED ANALYTES IN SOIL SAMPLE BDC-05-2

Analyte Concentration PSL

Metals in mg/kg

Arsenic 2.8

Beryllium 0.5 4300

Chromium 11 6500000

Copper 41

Lead 1.2 500

Nickel 20

Silver 0.4 4400

Zinc 36 100

Volatile Organics in ug/kg

Methylene Chloride trace 7000

Acetone 460 NA

Toluene trace 1400000

Total Xylenes trace NA

trace__Analyte
detected between 525 ug/kg

_______
Analyte detected at concentration above the screening level

Preliminary screening level see table

DFT 001037
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SWMU

17

METALS

DETECTED

IN

GROUNDWATER

SAMPLES

Maximum

PSL

PSL

Number

Number

of

Number

of

Frequency

of

Frequency

of

Detection

Marine

Fresh

of

Marine

PSL

Fresh

PSL

Marine

PSL

Fresh

PSL

Analyte

ugiL

ugIL

ugIL

Samples

ExceedancesExceedancesExceedanceExceedanceAluminum

3000

na

na

23

Arsenic

47

18

17%

17%

Barium

63

na

na

23

Cadmium

28

27

13

48%

Calcium

39000

na

na

23

Chromium

3.6

243000

180

27

Cobalt

48

na

na

23

Copper

44

34

8.9

27

26

24

96%

89%

Iron

73000

na

na

27

Lead

42

8.1

28

11%

11%

Magnesium

15000

na

na

23

Molybdenum

130

na

na

23

Nickel

19

34

160

27

Silver

ND

26000

26000

Zinc

42

81

100

27

data

collected

since

January

1998

PSL

preliminaryscrening

level

see

Table

na

not

available

ND

non-detectS\Sharedoc\025\093\SuniniaryReportBDC

Summary

Report

Tables

Table6

Landau

Associates



TABLE Page of

SWMU 17 DETECTED VOC CONCENTRATIONS IN GROUNDWATER SAMPLES

in ugL

Jun-98 Nov-99 May-00 Dec-00 Jun-01 Dec-01

11 -dichloroethane

BDC-05-02A

BDC-05-03

BDC-05-04

BDC-05O5

BDC-05-07

111-trichIoroethane

BDC-05-02A

BDC-05-03

BDC-05-04

BDC-05-05

BDC-05-07

cis-12-dichloroethene

BDC-05-02A

BDC-05-03

BDC-05-04

BDC-05-05

BDC-05-07

1.4 1.6 1.48

3.1 8.7 4.7

10.3 6.2 5.9 7.9

29 2.2 3.4

2127/02 s\sharedoc\025\093Summary Report\BDC Summary Report Tables Tabie7 Landau Associates

DFT 001039

Well PSL

1.22

2.7

2.45

1.4

4.8

1.1 1.2

nt 1.8 2.5 1.46

3.7 3.7 3.2

1.4 1.6 1.5 1.67

6.5 7.4 1.73

1.7 2.2 1.57

85 8.6 7.2 11.49

1.41 3.3

7.29J

1.77

5.88J

2.9J

11.62

7.79J

8.8

3.5

8.4

4.8

1.1

11

na

417000

na

81

4.3 4.79 9.9

15.8 19.8

5.4

tetrachloroethene

BDC-05-02A

BDC-05-03

BDC-05-04

BDC-05-05

BDC-05-07

trichioroethene

BDC-05-02A

BDC-0503

BIJC-05-04

BDC-05-05

BDC-05-07

8.67

4.49

6.7

nt

59

12.4

nt

1.5

1.4

15.2

10.1 9.3 16.26

9.82J

2.6

4.91

38.94

17.59

1.26J

1.87

25.82

30.2

12.2

1.6

27.1

8.2

1.7

1.4

5.6

37

3.6

1.4

30

39.5

18

1.5

1.33

26.7

12.64

13.4

1.96

2.01

37.95

not detected

nt not tested

estimated value

PSL preliminary seening level

na not available

________
analyte detected at concentration above preliminary screening level

CBI/ Personal Privacy Information



TABLE8a Page lof

SWMU 20 METALS AND CYANIDE RESULTS FOR

PHASE ISOIL SAMPLES
in mg/kg

Analyte PSL Sample ID ab 1-12.0 2-14.0 2-15.5 4-11.5 5-12.5

Antimony 0.5 UR 0.5 UR 0.5 UR 0.5 UR 0.5 UR

Arsenic 3.2 2.7 7.8 4.1

Barium NA 44 37 48 53 54

Beryllium 4300 0.1 0.1 0.2 0.3 0.3

Cadmium 0.5 0.5 0.5 0.5 0.7

Chromium 6500000 14 14 16 15 16

Cobalt NA

Copper 36 16 10 17 21 16

Lead 500

Mercury 0.07 0.1 0.1 0.1 0.1 0.1

Molybdenum NA

Nickel 20 11

Silver 4400 UJ UJ UJ UJ UJ

Selenium 0.5 0.5 0.5 0.5 0.5

Strontium 68 42 56 83 58

Thallium 0.5 0.5 0.5 0.5 0.5

Vanadium 44 42 50 64 54

Zinc 100 32 34 31 32 38

Cyanide 0.5 UJ 0.5 UJ 0.5 UJ 0.5 UJ

Sample ID indicates location and depth in ft BGS
These samples were collected in the area of the degreaser The soil was subsequently excavated in 1989

Element not detected at listed instrument detection limit

Data unusable because of low spike recovery caused by matrix interferences

Concentration estimated low surrogate recovery

NA soil screening level not available

soil screening level not determined

2/27/02 S\Sharedoc\025\093\Summary Report\BDC Summary Report Tabes Table8a Landau Associates

DFT 001040
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TA8LE

8b

Page

of5

SWMU

20

DETECTEDANALYTES

FOR

PHASE

II

SOIL

SAMPLES

In

ug/kg

Baling

ID

6C

6C

6C

6C

6C

6C

6C

7C

7C

7C

70

7C

Sample

ID

60-10.560-12.060-13.5

60-15

60-33.560-35.0

60-39

70-10.570-12.5

70-15

70-35

70-39

Analyte

PSL

Date

Collected

Aug-89

Aug-89

Aug-89

Aug-89

Aug-89

Aug-89

Aug-89

Aug-89

Aug-89

Aug-69

Aug-89

Aug-89

VolatileOrganics

in

ug/kg

Acetone

NA

10

47

18

CarbonDisulfide

NA

11-Dichioroethene2.OOE0112-Dichioroethene1.78E05

35

710

81

71

24

18

1300

350

120

2300

47

Ethylbenzene

2.51

E05

MethylethylKetone

NA

Tetrachloroethene

100

790

10000

450

280

27

1300

18

550

110

Trichloroethene

540

130

1300

100

74

320

21

830

110

Toluene1.40E06

-1J

111-Tnchloroethane330000011.2-TrichloroethÆne

230

Vinyl

Chloride

3300

19

40

690

25

Xylenes

NA

SemivolatileOrganics

in

ug/kg

Benzaanthracene

220

Chrysene

250

Acenaphthene7.OOE04Anthracene5.20E07Fluorartthene3.70E05Fluorene2.20E06Phenanthrene

NA

Pyrene

1.50E07Dlbenzofuran

NA

Total

PetroleumHydrocarbons

In

mg/kg

TPH

2000

2/27/02S\Sharedcc\025\093\BDCSummaryReportTablesTable8b

Landau

Associates



TABLE8bPage3of5

SWMU

20

DETECTEDANALYTES

FOR

PHASE

II

SOIL

SAMPLES

in

uglkg

Boring

ID

100

100

100

100

lOG

12A

130

13C

140

140

14C

140

Sample

ID

100-3

100-12100-15100-l5dup100-22.512A-35130-30130-35140-12.5140-18.5140-275140-34Analyte

PSL

Date

Collected

Aug-89

Aug-89

Aug-89

Aug-89

Aug-89

Aug-89

Aug-89

Aug-89

Aug-89

Aug-89

Aug-89

Aug-89

VolatileOrganics

In

ug/kg

Acetone

NA

24

17

52

CarbonDisutfide

NA

Il-Dichloroethene2.0060112-Dlchioroetherie1.78605

11

200

1300

1300

51

21

160

410

610

Ethylbenzene

2.51

605

430

MethylethylKetone

NA

11

14

Tetrachloroethene

100

120

290

640

1100

230

88

1400

1500

Trichloroethene

540

110

220

260

420

43

120

890

520

Toluene1.40606

2500

9.6

111-Trichloroethane3300000

490

112-Trtchioroethane

230

Vinyl

Chloride

3300

39

35

18

41

230

67

Xylenes

NA

2200

SemivolatileOrganics

in

ug/kg

Benzaanthracene

220

Chrysene

250

Acenaphthene7.OOE04Anthracene5.20607Fluoranthene3.70E05Fluorene2.20E06Phenanthrene

NA

Pyrene

1.50E07Dibenzofuran

NA

Total

PetroleumHydrocarbons

in

mg/kg

TPH

2000

-1 -s 1j

2/27/02S\Sharedoc\025093\BDCSummary

Report

TablesTable8b
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TABLE

8b

Page

of

SWMU

20

DETECTEDANALYTES

FOR

PHASE

II

SOIL

SAMPLES

in

ug/kg

Boring

ID

15C

15D

15D

15D

15D

15D

15D

16C

16C

16C

16C

Sample

ID

15C-5

15D-5

15D-8

15D-18.515D-3015D-3615D-5odup

16C-3

16C-4.516C-13.5

16C35

Analyte

PSL

Date

Collected

Aug-89

Aug-89

Aug-89

Aug-89

Aug-89

Aug-89

Aug-89

Aug-89

Aug-89

Aug-89

Aug-89

VolatileOrganics

in

ug/kg

Acetone

NA

15

39

9.5

8.6

8.1

CarbonDisulfide

NA

11-Dichioroethene2.00E012-Dichloroethene

.7805

390

770

Ethibenzene

251

E05

MethylethylKetone

NA

12

Tetrachloroethene

100

26

12

Trichloroethene

540

140

6.9

5.8

18

20

Toluene1.40E06

1J

111-Triohloroethane3300000112-Trichloroethane

230

Vinyl

Chloride

3300

49

Xylenes

NA

SemivolatileOrganics

In

ug/kg

Benzaanthracene

220

Chrysene

250

Acenaphthene7.OOE04Anthracene5.20E07Fluoranthene3.70E05Fluorene2.20E06Phenanthrene

NA

Pyrene

1.50E07Dibenzofuran

NA

Total

PetroleumHydrocarbons

in

mg/kg

TPH

2000

22

ii CD CD

2/27102S\Sharedoc\025\093\BOCSummary

Report

TablesTable8b

Landau
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TABLE Pagelofl

SWMU 20 BENZENE CONCENTRATIONS IN GROUNDWATER SAMPLES

in ug/L

Well Jun-98 Oct-98 Jun-99 Nov-99 Jun-00 Dec-00 Jun-01 Dec-01

MW-6B 1.3

MW-6C 4.2 5.7 2.8 2.7 2.76 1.9J

MW-8C 14 15.8

MW-9A

MW-9B 1.2

MW-9C 1.7 2.5 1.7 1.5 1.4

MW-9D

MW-bA

MW-lOG 1.3 1.1 1.1 1.4 1.2
1.3

MW-hA

MW-12A

MW-13A

MW-13C 3.3 2.3 1.2

MW-14A

MW-14C 2.8 4.6 2.5 1.2 1.4 1.3

MW-14E

MW-15A

MW-15C 5.2 5.2 5.4 4.3 2.9
3.2

MW-15D

MW-16A 11 50 1.6 46 34
15

MW-16C 15 8.3 10 6.4 7.8 4.3 5.0 45

MW-17A 1.5
nt

MW-17C 5.6 2.7 3.7 2.4 2.1
nt nt

MW-17D nt

MW-I BA nt

MW-18C 1.5 1.4 1.5 1.1 1.3

MW-18D nt

MW-I9A nt

MW-19C 2.2 1.8 1.8 1.3 1.2 1.4 1.3

MW-19D nt

MW-20A nt

MW-20C

MW-20D nt

not detected

nt not tested

estimated value

analyte detected at concentration above preliminary screening level

DFT 001044

2/27/02 S\Sharedoc\025\093\Suminary Report\BDC Suntmaiy Report Tables Table9 Landau Associates
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MW-9C

MW-9D

MW-IOA

MW-bC

MW-hA

MW-12A

MW-13A

MW-13C

MW-14A

MW-14C

MW-14E

MW-I 5A

MW-15C

MW-15D

MW-16A

MW-16C

MW-17A

MW-17C

MW-17D

MW-18A

MW-18C

MW-IBD

MW-19A

MW-19C

MW-19D

MW-20A

MW-20C

MW-20D

6.4

91

2.3 3.8

1.8 2.8

1.8

2.0 1.2

3.8

1.2 2.8

nt

nt

1.oJ

nt

nt

1.1

nt

not detected

nt not tested

estimated value

cis-1 2-DCE cis-1 2-dichloroethene

No preUrninary screening level avaiJabe for DCE

2/27/02 S\Sharedoc\025\093\Sumnlaly Report\BDC Summary Report Tables Tablell

Welt

SWMU 20 cis-12-DCE

Jun-98 Oct-98

MW-6B

MW-6C

MW-8C

MW-9A

MW-9B

11 14

67 9.9 70 50 72 92

1.1 180J

38 1.1 3.2

94 680 15.5 190 420

940J 178 122 41 102

29 6.9 33 21

2.8 2.3 2.1 11 1.5

1.7 1.7 1.8 1.0 1.9

1.2 1.3 1.2 1.2

4.9 3.7 3.2

26 22 6.2

16

790J 53 28

4.1 4.3

1.9 2.1

TABLE 10 Page lof

CONCENTRATIONS IN GROUNDWATER SAMPLES

in ug/L

Jun-99 Nov-99 Jun-00 Dec-00 Jun-01 Dec-01

27

61 270J
100

135 IIOJ
100

1.1

36

1.6 1.3J
2.1

2.1 1.5J 2.2

1.6

5.OJ

1.0 2.5
1.1

1.8 1.8J
2.6

2.3 2.1 nt

nt nt

nt nt

nt

1.3 1.6 1.4J

1.0

1.3

1.4

1.5

DFT 001045

Landau Associates
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Well

MW-6B

MW-6C

MW-SC

MW-9A

MW-9B

MW-9C

MW-gD

MW-bA

MW-bC

MW-hA

MW-12A

TABLE 11

SWMU 20 PCE CONCENTRATIONS IN GROUNDWATER SAMPLES

in ug/L
Jun-98 Oct-98 Jun-99 Nov-99 Jun-00 Dec-00 Jun-UI

18.9 16.3 22.6 2.3 10.19 2.6J

MW-13A 1.6

MW-13C

MW-14A

MW-14C

MW-14E

MW-15A

MW-15C

MW-15D

MW-16C

MW-17A

MW-17C

MW-17D

MW-ISA

MW-I SC

MW-18D

MW-19A

MW-19C

MW-19D

MW-20A

MW-20C

MW-20D

1.03 1.3 2.3 2.2

2.6 2.4 2.5 2.1 2.6 4.15

nt nt

nt

nt

nt

nt

nt

nt

nt

Page of

not detected

nt not tested

estimated value

PCE tetrachloroethene

analyte detected at concentration above preliminary screening level

2/27/02 S\Sharedoc\025\093\Summary Report\BDC Summaiy Report Tables Tablel

DFT 001046

Landau Associates

7.8

Dec-01

39.4 121 5.1

31.3 6.74

2.4

38 40 36.6 12.65 is

3.6 6.62 1.18

86.4 38 2t5 16.6 21.63 30.3

2.1

1.3 1.2
1.6

MW-16A 1.64

CBI/ Personal Privacy Information



TABLE

16

Page

of

AOC-01102

VOC

CONCENTRATIONS

IN

SOIL

SAMPLES

in

ug/kg

Sample

ID

BE

SLABSW

DG9S2W

Date

CollectedOct-90

Oct-90

Oct-90

PSL

Benzene

130

22

220000

Ethylbenzene

250000

Toluene

20

1400000

Xylenes

110

380

32

NA

Soil

samples

collected

from

remaining

soil

at

base

of

UST

excavation

Landau

1990b

Undifferentiated

xylene

PSL

preliminaryscreening

level

see

Table

-n -1

2127/02s\sharedoc\025\093\SumrnaiyReportBDCSummary

Report

TablesTablel6

Landau

Associates



TABLE 17 Page of

AOC-O1/02 DETECTED ANALYTES IN GROUNDWATER SAMPLES
in ug/L

Maximum Marine Water Fresh Water

Analyte Concentration PSL PSL

Metals

Aluminum 170 na na

Arsenic 1.6

Barium 16 na na

Cadmium
121

Calcium 17000 na na

Copper 241 8.9

Iron 17000 na na

Magnesium 9600 na na

Volatile Organics

Toluene 1.17J 200000 200000

Xylenes total 1.47 na na

Total Petroleum Hydrocarbons

Diesel-range 29701 500 500

PSL preliminary cleanup level see Table

estimated value

na not available

analyte detected at concentration above preliminary screening level

Maximum concentration for groundwater sampling from 1998 to present

OFT 001048

2/27/02 s\sharedoc\025\093\Summary ReportBDC Summaiy Repoet Tables TabIel7 Landau Associates
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TABLE 19 Page 1011

AOC-03/04 DETECTED ANALYTES IN GROUNDWATER SAMPLES

in ug/L

Maximum

Analyte Concentration PSL

Volatile Organics

Acetone 3.5 na

cis-12-dichloroethene 1.24 na

Total Petroleum Hydrocarbons

Diesel-range
20101

500

PSL preliminary screening level see Table

estimated value

na not available

analyte detected at concentration above preliminary sôreening level

DFT 001049

2/27/02 s\sharedoc\025\093\Summary Repofl\BDC Summary Report Tables Tablel9 Landau Associates
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-n -I cD 01

TABLE

20

AOC-05

GROUNDWATER

RESULTS

FROM

GEOPROBESAMPLING

na

groundwaterscreening

level

not

available

PSL

preliminaryscreening

level

see

Table

Analyte

detected

at

concentration

above

the

preliminaryscreening

level

Groundwater

samples

collected

in

January

2001

from

Geoprobeexploration

IT

2001

Page

of

Gasoline-range

Total

PetroleumBenzeneTolueneEthylbenzene

Xylenes

Hydrocarbons

mg/L

ug/L

ugIL

ug/L

ug/L

PSL

0.8

71

200000

29000

na

SB-7

Upper

0.25

5.9

1.0

1.0

7.3

SB-7

Lower

0.25

1.0

1.0

1.0

1.0

SB-8

Upper

0.25

1.0

1.0

1.0

1.0

SB-8

Lower

0.25

1.0

1.0

1.0

1.0

SB-9

Upper

9I

1.0

33

153

SB-9

Lower

0.25

1.0

1.0

1.0

1.0

SB-b

Upper

2501

23

18000

4600

25000

SB-b

Lower

0.30

1.0

7.9

4.4

26

SB-il

Upper

0.25

1.0

1.0

1.0

1.0

SB-il

Lower

0.25

1.0

1.0

1.0

1.0

SB-12

Upper

0.25

1.0

1.0

1.0

1.0

SB-12

Lower

0.25

1.0

1.0

1.0

1.0

2/27/02s\sharedoc\025\093\SurrunaryReport\BDCSummary

Report

TablesTable2O

Landau

Associates



TABLE

21

Page

of

AOC-05

GROUNDWATERMONITORING

RESULTS

FOR

JUNE

2001

SAMPLING

EVENT

in

ug/L

Well

BenzeneTolueneEthylbenzene

Xylenes

total

PSL

71

200000

29000

na

BDC-102

5.33

1.87

BDC-103

87JJ

12010

1985J

11430

PSL

preliminaryscreening

level

see

Table

estimated

value

Analyte

detected

at

concentration

above

the

preliminaryscreening

level

-I cD CM

2/27/02s\sharedoc\025\093\SummaryReport\BDC

Summary

Report

Tables

Table2l

Landau

Associates



APPENDIXA

Summary of Soil and Groundwate.r Data for SWMUs
and AOCs Digital Format

DFT 001052
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APPENDIX

Pump and Treat Remedial System Evaluation

SWMU 20 Landau Associates 2001

OFT 001064
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hAl Landau

Enonmental and Geotechnical SeMces TECH NI CAL MEMORANDUM

TO Jim Bet Carl Bach

The Boeing Company

FROM Martin
Pow

Jerry Ninteman

DATE June 112001

RE PUMP AND TREAT REMEDIAL SYSTEM EVALUATION SWMU 20

BOEING DEVELOPMENTAL CENTER

TUKWJLA WASHINGTON

In accordance with our letter proposal dated January 2001 we have completed Task Pump

and Treat Remediation System Evaluation at the referenced site In completing the task authorized we

examined the following information relative to the groundwater pump and treat system

Current and historical contaminant distribution lateral and vertical to evaluate system

effectiveness in plume control and aquifer restoration This task included preparation of

volatile organic compound VOC concentration isopleth maps for perchioroethylene PCE
trichioroethylene TCB cis-1-2 dichloroethyleæe cis-12-DCB and vinyl chloride for

and zone monitoring wells for three different monitoring events August 1989

January 1994 and December 2000

Capture zone of each extraction well within each of three depth intervals i.e and

Horizons at current pumping rates This task included preparation of one groundwater

elevation contour map for the and Horizons using data representative of non-

pumping conditions and steady state pumping conditions in E-1 and E-2 and estimating the

capture zone from these maps The capture zone was compared to plume maps to evaluate

plume containment

Appropriateness of current extraction well locations and screen depths

Appropriateness of alternate pumping rates or alternate pumping scenarios e.g cyclic

pumping or concurrent extraction from both wells with respect to plume containment and

aquifer restoration

Current mass removal rates trends in mass removal and total VOC mass removed to date

Natural attenuation mechanisms and effectiveness including comparison of current mass

removal rates to potential natural attenuation rates

In developing our conclusions for the evaluation we reviewed data for dissolved-phase

concentrations in groundwater monitoring wells located at the site Table .1 groundwater elevation data

based on historical groundwater level measurements and an elevation survey of the monitoring and

extraction wells completed in February 200.1 Table groundwater monitoring and extraction well

construction details as previously provided in the document entitled Groundwater Extraction and

130 2nd Avenue Edmonds WA 98020 425 778-0907 Fax 425 778-6409 DFT 001065

CBI/ Personal Privacy Information



Treatment System Assessment Tetra Tech August 1996 Table and VOC mass removal rates

exhibited by the pump and treat system as reported by The Boeing Company Boeing Table

BACKGROUND INFORMATION

Our review of the data indicates that release of chlorinated hydrocarbons to the subsurface was

initially discovered in 1989 The apparent source of the chlorinated hydrocarbons was the vapor

degreaser sumps which were in use at the facility from 1958 until 1984 and contained PCE and TCB

The presence of chlorinated hydrocarbons in the subsurface was detected during the implementation of

structural improvements at the DC 9-101 building In the spring of 1990 approximately 1398 tons of

impacted soil was removed and disposed at licensed disposal facilities The initial groundwater sampling

event was completed at the site in August 1989 after groundwater monitoring wells were installed to

determine the extent of impact to the groundwater from the chlorinated hydrocarbons Twenty-one 21 of

the current groundwater monitoring wells MW-6B 6C 7C 8C 9A 9B 9C 9D bA 1OC 1A 12A

13A 13C 14A 14C iSA 15C 15D 16A and 16C were used for the collection of groundwater samples

from 1989 to 199L Thirteen additional groundwater monitoring wells MW-14E 17A 17C 17D 18A

18C 18D 19A 19C 19D 20A 20C and 20D were installed in February 1991 and one additional

groundwater monitoring well MW-2 1A was installed in October 1992 The groundwater monitoring

wells installed at the facility were constructed to permit evaluation of distinct layers horizons of the

groundwater present beneath the site The range of depths of the monitoring well screens relative to the

horizon of groundwater targeted for assessment were as follows

Horizon Wells Screen Depths Ranging from 6.5 to 21.5 ft below the ground surface BGS

Horizon Wells Screen Depths Ranging from 22.0 to 27.5 ft BGS

Horizon Wells Screen Depths Ranging from 23.5 to 40.5 ft BGS

Horizon Wells Screen Depths Ranging from 40.0 to 56.0 ft BGS

Horizon Well Screen Depth Ranging from 77.0 to 82.0 ft BGS

and Horizon wells were intended to monitor three distinct layers of groundwater located

in the shallow unconfined aquifer beneath the site The Horizon wells were intended to evaluate the

semi-confined layer of groundwater present beneath discontinuous silt aquitard underlying the

unconfined aquifer The Horizon well MW-14E was intended to monitor the water quality in fully

confined aquifer present beneath massive marine silt deposit underlying the semi-confined aquifer The
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Horizon well has not exhibited impact by chlorinated hydrocarbons in excess of laboratory detection

limits since August 1997 therefore the Horizon is not included in the evaluation contained herein

Our assessment of the pump and treat system focuses on the chlorinated hydrocarbons PCE TCE

cis-l2-DCE and vinyl chloride These constituents are considered the primary constituents of interest

CoT based on their concentration and frequency of detection in site monitoring wells Data provided by

Boeing indicate that two other constituents benzene and naphthalene are present in site groundwater at

concentrations that exceed either Model Toxics Control Act MTCA Method or Method

groundwater cleanup levels However these constituents are not considered Col because as of December

2000 the concentration of benzene and naphthalene exceed cleanup levels at only one well each The

December 2000 exceedances are limited to monitoring well MW-16A which yielded benzene

concentration of 46 micrograms per liter jtgfL compared to Method cleanup level of Jig/L and

MW-15A which yielded naphthalene concentration of 696 J.tgfL compared to Method cleanup level

of 320 Jtg1L Comparison with MTCA cleanup levels is for screening purposes only site-specific

cleanup levels are being developed and will be included in the Site Summary Report

The groundwaterpump and treat remediation system was installed in the fall of 1993 and began

operation on March 1994 The remediation system utilizes two wells B- and E-2 for the extraction

of impacted groundwater E- was installed with screened interval extending from approximately 23 to

38.3 ft BGS which indicates that B-i was capable of
collecting groundwater from the and

Horizons of the shallow groundwater present beneath the site E-1 remained in use as the sole recovery

well at the site from March 1994 to December 13 1995 The second groundwater extraction well E-2

was utilized for groundwater extraction beginning in July 1996 E-2 was constructed with well screen

extending from approximately 22 to 32 ft BGS which indicates that extraction of water from E-2 would

also be within the and Horizons of the groundwater beneath the site Since July 1996 the

extraction wells have been used alternately for extraction with E-2 being operated for majority of the

time

For the purpose of our evaluation the data collected for the site was considered under two distinct

scenarios prior to the activation of the remediation system and following the activation of the remediation

system Our evaluation of the data compiled for the site follows

CONTAMINANT DIsTRIIrnTI0N EVALUATION

Groundwater analytical data have been compiled at the site since 1989 Table provides

summary of the analytical data for the primar Col at the site For the purpose of evaluating the

distribution of chlorinated hydrocarbons over time we have utilized the dissolved phase concentrations

reported for August 1989 January 1994 and December 2000 to develop site maps showing Col data for
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the Horizon inclusive of the .two Horizon wells Horizon and Horizon groundwater These

site maps are presented on Figures 1A 1-C and 1-D through 4-A 4-C and 4D The and

designation refers to the and and Horizons respectively Figures were not prepared for the

Horizon because this horizon only contained two data points Analytical data for PCE TCE cis-l2-

DCE and vinyl chloride Figures through respectively

Since the groundwater pump and treat system was not activated until March 1994 expansion or

contraction of the dissolved phase plumes of CoT from August 1989 to January 1994 would be attributed

to the natural attenuation of the chlorinated hydrocarbons Natural attenuation includes non-destructive

processes adsorption dispersion advection and volatilization and destructive processes

biodegradation to reduce the concentration and/or mass of contaminants in the groundwater Expansion

or contraction of the CoT plumes between January 1994 and December 2000 can be attributed to both

natural attenuation processes and the mass removal of chlorinated hydrocarbons caused by the pump and

treat system It should be noted that the overall extent of the dissolved phase plumes i.e the tg1L

contour area appears to increase significantly between 1989 and 1994 However the increase in the

estimated size of the plumes can be at least partially attributed to the fact that 14 groundwater monitoring

wells were installed after August 1989 thus providing additional data points to more clearly estimate the

plumes fringe areas

Data Evaluation August 1989 to January 1994

The evaluation of data for the period from August 1989 to January 1994 was completed based on

the infonnation provided on Figures through comparison of August 1989 and January 1994

isopleth maps for the same constituent indicates that the lateral extent of dissolved phase PCE TCE and

cis-12-DCE in excess of 100 tgfL decreased or did not change during this period in the and

Horizons the arbitrary cutoff concentration of 100 .tg1L was used in this analysis as representative

indicator of the plume extent None of the Col exceeded 100 tg1L in the Horizon in either 1989 or

1994 The extent of the 100 pg1L isopleth of dissolved phase vinyl chloride increased during this period

To quantify the change in area of the groundwater impacted by the Col in excess of 100 tg1L we

estimated the area of the plumes with concentrations of Col greater than 100 tgIL for the and

Horizons The estimated percentage of variation in the area of groundwater impacted by each Col in

excess of 100 jag/L from August 1989 to January 1994 was then quantified as shown in Table As

indicated in Table the area of groundwater impacted by 100 tgIL of the Col appeared to change from

August 1989 to January 1994 as follows
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PCE impact greater than 100 j.tg/L decreased by .12 percent
in the Hocizon and 100 percent to

less than 100 tg1L in the Horizon

TCE impact greater than 100 tgfL decreased by8 percent in the Horizon and 100 percent in the

Horizon

cis-12DCE impact greater
than 100 tg1L decreased by 33 percent in the Horizon and 79

percent in the Horizon

Vinyl chloride impact greater than 100 ig/L increased by 121 percent in the Horizon the area

of the Horizon containing vinyl chloride concentrations above 100 p.gIL went from square feet

It2 in 1989 to approximately 3100 ft2 in 1994

The data indicates that the effects of natural attenuation processes had positive impact on the

reduction of concentrations of Col in the saturated zone especially in the Horizon The increase of

vinyl chloride concentrations and decrease in PCE and TCE concentrations is often observed in plumes in

which reductive dechlorination processes are active Reductive dechlorination is the primary

biodegradation pathway for the more highly chlorinated hydrocarbons e.g PCE and TCE After the

PCE and TCE are sufficiently reduced the biodegradation process often shifts to an alternative

mechanism such as aerobic oxidation iron reduction methanogenesis or cometabolism to continue the

destruction of the less chlorinated compounds e.g cis-1 2-DCE and vinyl chloride

Data Evaluation January 1994 to December 2000

The evaluation of data for the period from January 1994 to December 2000 was completed based

on the information provided on Figures through comparison of January 1994 and December 2000

isopleth maps for the same constituent indicates that the lateral and vertical extent of dissolved phase

PCE TCE cis-12 DCE and vinyl chloride in excess of 100 J.tgIL decreased significantly during this

period To quantify the change in area of the groundwater impacted by the Col in excess of 100 gIL we

estimated the area of the plumes with concentrations of Col greater than 100 tg/L for the and

Horizons The estimated percentage of variation in the area of groundwater impacted by each Col in

excess of 100 Lg/L from January 1994 to December 2000 was then quantified as shown in Table As

indicated in Table the area of groundwater impacted by 100 jtgfL of the Col appeared to change from

January 1994 to December 2000 as follows

PCE impact greater than 100 ppb decreased by 100 percent in the Horizon PCE

concentrations equal to or greater than 100 igJL were not detected in the Horizon in 1994

or 2000

TUE impact greater than 100 ppb decreased by 100 percent in the Horizon TCE

concentrations equal to or greater than 100 jtg/L were not detected in the Horizon in 1994

or 2000
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cis- 12 DCE impact greater than 100 ppb decreased by.100 percent in the Horizon and 100

percent in the Horizon

Vinyl chloride impact greater than 100 ppb decreased by 95 percent in the Horizon and 100

percent in the Horizon

The data indicate that the effects of groundwater pump and treat and natural attenuation processes

had positive impact on the reduction of concentrations of Col in the saturated zone and resulted in

greater reduction in plume extent as defined by the 100 tgIL isopleth as compared to the non-pumping

period from 1989 to 1994 The long-term reduction of Col concentrations could be verified by

discontinuing pumping activities for at least months and allowing the VOCs in the groundwater and soil

system to equilibrate At some sites allowing the VOC distribution to return to equilibrium following

interruption of pumping has caused rebound in the VOC concentrations This is especially true where

non-aqueous phase liquid NAPL source area is present

CAPTURE ZONE ANALYSIS

Capture zones for groundwater in the and Horizons were estimated for the groundwater

pump and treat system by preparing groundwater elevation contour maps under various pumping

conditions groundwater elevation contour map representative of non-pumping conditions was also

prepared to evaluate natural groundwater flow gradients and flow directions summaiy of the

groundwater elevation data used in this analysis is provided in Table The and Horizon

groundwater monitoring wells are screened within the same surficial aquifer and the groundwater

extraction wells are screened in the and Horizons Where available groundwater elevation data

collected from thefl Horizon wells was considered preferentially over and Horizon data in

developing the groundwater elevation maps utilized for capture zone analysis in order to minimize the

effects of vertical gradients

The entire groundwater extraction system was reported to be inactive from December 1995 until

July 1996 The groundwater elevation data from the and Horizons in February 1996 is presented

on Figure to represent the groundwater elevation potentiometric surface for the surficial aquifer

beneath the site under non-pumping conditions As shown on Figure the natural i.e non-pumping

groundwater flow gradient and direction is non-uniform within the study area Groundwater generally

exhibits an overall west southwesterly flow direction across the study area with the exception of the area

to the northwest of extraction wells El and E2 which appears to exhibit an easterly flow direction This

flow reversal is caused by an anomalously high groundwater level in MW-19A and

MW-i 9C An overall west southwesterly flow direction would be expected given that this is the

direction toward the Duwamish Waterway
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Groundwater extraction well E-1 was used exclusively for groundwater extraction from March

1994 to December 1995 The groundwater elevation data from the and Horizons in October

1995 is provided on Figure to represent the potentiometric surface for thesurficial aquifer under the

influence of groundwater extraction from E-l alone Groundwater extraction well E-2 was used

exclusively for groundwater extraction from March 1999 to December 2000 The groundwater elevation

data from the and Horizons in December 2000 is provided on Figure to represent the

potentiometric surface for the surficial aquifer under the influence of groundwater extraction from E-2

alone The apparent effect on the groundwater flow direction created by the operation of the groundwater

extraction wells is exhibited on Figures and Based on the altered groundwater flow direction caused

by the operation of the extraction wells the independent operation of each of the groundwater extraction

wells is sufficient to limit plume migration Each of the groundwater extractiOn wells appears to create

capture zone that encompasses the full extent of groundwater impacted by CoT in excess of tgfL in the

and Horizons The Horizon groundwater was not evaluated because the extraction wells are

not screened within the Horizon and the data do not indicate that the groundwater is significantly

impacted in the Horizon

MASS REMOVAL RATE EVALUATION FOR PUMP AND TREAT SYSTEM

Boeing provided data related to the mass of contaminants removed by the groundwater pump and

treat system The mass removal data is summarized in Table As indicated in Table the pump and

treat remediation system has removed approximately 80 lbs of total chlorinated hydrocarbons from the

subsurface of the site from March 1994 to September 21 2000 The average daily mass removal rate

for the groundwater pump and treat system was approximately 0.05 lbs per day 22 grams per day during

the period analyzed The average daily mass removal rate does not take into consideration periods of time

when the pump and treat system was offline i.e the average daily mass removal rate would be slightly

higher if the total mass removed was divided only by the number of days in which the system was

online Of the 80 lbs of chlorinated hydrocarbons estimated to have been removed by the pump and treat

system approximately 70 lbs 88 percent of the total mass removed were removed prior to 1999 During

the past two years January 1999 through September 2000 approximately 10 lbs 12 percent of the total

mass removed has been extracted by the pump and treat system The total mass of chlorinated

hydrocarbons extracted by the pump and treat system has been steadily declining since 1997 due to

decline in the concentration of Col present in the groundwater recovered by the pump and treat

remediation system Figure

The data observed relevant to mass removal is typical for groundwater pump and treat systems

During the initial stages of operation of groundwater pump and treat system the groundwater being
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recovered for treatment has relatively high concentration of dissolved phase Col However as the

operation of the groundwater pump and treat system continues the concentration of dissolved phase Col

is limited by the rate at which the Col become desorbed from the saturated zone soil particles The

concentration of dissolved phase Col in the recovered groundwater is related to the amount of contact

time between the soil particles and the groundwater to be recovered The groundwater pump and treat

system limits the contact time between the soil
particles arid the groundwater andreduces the mass of Col

that can transferred from the soil particles to the groundwater thus resulting in lower dissolved phase

contaminant concentrations bi an effort to increase the mass removal efficiency the operation of pump

and treat systems is often cycled to allow the groundwater to periodically equilibrate and cause washing

of Col from the soil matrix within the groundwater table If the operation of the groundwater pump and

treat remediation system is to continue cyclic operation of the pumps on weekly basis may improve the

mass removal efficiency

NATURAL ATTENUATION EVALUATION

According to the United States Environmental Protection Agency USEPA Office of Solid

Waste and Emergency Response OSWER three lines of evidence can be used to verify natural

attenuation of chlorinated hydrocarbons The lines of evidence identified by OSWER Directive

9200.4-17 1997 are as follows

Historical groundwater and/or soil chemistry data that demonstrate clear and meaningful

trend of decreasing contaminant mass and/or concentration over time at appropriate

monitoring or sampling points In the case of ground water plume decreasing

concentrations should not be solely the result of plume migration

Hydrogeologic and geochemical data that can be used to demonstrate indirectly the types

of natural attenuation processes active at the site and the rate at which such processes will

reduce contaminant concentrations to required levels For example characterization data

may be used to quantify the rates of contaminant sorption dilution or volatilization or to

demonstrate and quantify the rates of biological degradation processes occurring at the site

Data fromfield or microcosm studies conducted in or with actual contaminated site media
which directly demonstrate the occurrence of particular natural attenuation process at the

site and its ability to degrade the contaminants of concern typically used to demonstrate

biological degradation processes only

The OSWER directive also states that Unless EPA or the implementing state agency determines

that historical data Number above are of sufficient quality and duration to support decision to use

monitored natural attenuation EPA expects that data characterizing the nature and rates of natural

attenuation processes at the site Number above should be provided Where the latter are also

inadequate or inconclusive data from microcosm studies Number above may also be necessary
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In general more supporting information .may be required to demonstrate the efficacy of

monitored natural attenuation .. at sites with contaminants that transform into more toxic and/or mobile

forms than the parent contaminant. This final statement is applicable to PCE TCE and cis-l2 DCB

ultimately degrading to vinyl chloride

In consideration of the need to verify the first two lines of evidence listed above the occurrence

of natural attenuation may be evaluated at site by performing the following steps

Step Evaluate the potential for natural attenuation to be effective at site

This step requires an evaluation of several data sets The initial data set to be evaluated is the

concentration of the Col over time If natural attenuation processes are to be considered as viable

remediation alternative the concentration of the Col should be decreasing over time primarily as result

of natural .biodegradation processes In sites impacted with PCE or TcE the production of

biodegradation breakdown products cis-12-DCE and vinyl chloride provide the most reliable indication

that natural biodegradation processes are active at the site second set of data that must be considered

in this step is the presence of potential receptors e.g potable water wells surface water bodies

subsurface structures etc located within the plume area third data set to be considered is the natural

groundwater gradient and velocity exhibited by the impacted groundwater to assist in predicting if

potential receptor could be impacted in the future by the plume as it migrates before natural attenuation

processes can effectively reduce concentrations to protect the receptor

Sufficient Col data have been collected at the site to indicate that the transformation of parent

compounds PCE and TCB to breakdown products of cis- 2-DCE and vinyl chloride occurs and that this

attenuation process has resulted in reduction in the concentration and extent of the Col plumes at the

site In relation to the presence of potential receptors at the site and potential impact to potential receptors

within the extent of the plume area and downgradient the following conclusions have been derived

No potential receptors were identified within the plume area

The nearest downgradient potential receptor The Duwamish Waterway was identified to be

approximately 500 ft west of the former source area of the plume Groundwater analyses for

Col indicate that the dissolved-phase plume has not extended beyond 200 ft downgradient

west-southwest from the source area

It is likely that the reduction of the Col plumes is due to combination of the effects of natural

attenuation and the groundwater pump and treat system This decline can be qualitatively
evaluated by

comparing the plume maps presented on Figures through
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Step Identify the natural attenuation mechanisms at the site

This step is completed after it has been determined that there is evidence that natural attenuation

processes are likely having positive impact on the reduction of the Col plume The key data to be

evaluated during this step are geochemical parameters that may indicate the driving force behind

biodegradation activity at the site As stated earlier reductive dechlorination processes appear to be

ongoing at the site based on the reduction of PCE and TCE concentrations and the presence of cis-l2-

DCE and vinyl chloride However sufficient geochemical data has not been collected for the site to

conclusively determine the actual mechanisms responsible for the reductive dechlorination processes

Reductive dechlorination has been demonstrated at other sites under nitrate and iron reducing conditions

but the most rapid biodegradation rates affecting the widest range of chlorinated aliphatic hydrocarbons

occur under sulfate-reducing and methanogenic conditions Bouwer 1994

In our experience it is likely that reductive dechlorination at the site is occurring under

methanogenic conditions because of the presence of vinyl chloride Sites undergoing reductive

dechlorination under sulfate-reducing conditions often do not progress beyond the degradation of TCE

and subsequent formation of cis-l2-DCE and therefore lack significant concentrations of vinyl chloride

Additional site geochemical data would be needed to demonstrate the actual reductive dechlorination

process Geochemical parameters that would be indicative of reductive dechlorination include reduction

in the concentration of sulfate or nitrate within the impacted area or an increase in the concentration of

ferrous iron iron II methane ethane/ethene or chloride ion in the impacted area

Following the reduction of PCE and TCE the continued biodegradation of the remaining Col

cis-l2-DCE and vinyl chloride often is continued by oxidation-reduction mechanisms which are

typically aerobic respiration iron reduction or methanogenesis Evidence of these biodegradation

processes
would typically be confirmed by depletion of dissolved oxygen within the impacted area or an

increase of ferrous iron methane ethane/ethene or chloride ion within the impacted area

In addition to the
specific evidence referenced for biodegradation of PCE TCE cis-l 2-DCE and

vinyl chloride there are conventional parameters that can indicate microbiological activity These

parameters include oxidation-reduction potential alkalinity conductivity carbon dioxide concentration

temperature and pH in groundwater In addition sufficient carbon source must be present to continue

the biodegradation process The availability of carbon can be determined by analyzing the groundwater

for total organic carbon TOC content

Step Estimate the attenuation rate of Col for the site

Following the completion of the initial two steps involved with the natural attenuation evaluation

it is often necessary to estimate the rate of attenuation of the Col present
in the subsurface Estimating the
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rate of attenuation may be simplistic e.g regression analysis to determine the attenuation rate observed

due to natural processes or more sophisticated e.g implementation of three-dimensiOnal groundwater

model for the site The goal of estimating the rate of attenuation is to predict whether cleanup level goals

can be obtained within reasonable timeframe and within an acceptable distance downgradient of the

release area at identified sentinel wells Accurate predictions of Col concentrations in sentinel wells

that are also protective of human health and the environment are key to gaining regulatory approval for

the use of natural attenuation as remediation method for the site

Attenuation rates are typically calculated by observing the rate at which contaminant

concentration decreasçs with distance downgradient along groundwater migration pathway The data

are typically fitted to first order exponential decay equation and regression analysis is performed to

obtain the rate constant for example see USEPA 1998 Methods are available to separate
the affects of

non-biological processes e.g adsorption dispersion advection and volatilization from biological

processes Such an evaluation requires knowledge of the groundwater flow velocity and direction and

contaminant concentration data from several monitoring points located along common migration

pathway Because knowledge of these conditions does not exist for this site to the level needed to

conduct such an evaluation modified evaluation was conducted with the objective of comparing the

relative rate of contaminant concentration reduction for the non-pumping period i.e 1989 to 1994 to the

relative rate of contaminant concentration reduction for the pumping period i.e 1994 to 2000 The

evaluation consisted of
calculating the rate at which Col concentrations decreased with time at site

monitoring wells during the non-pumping and pumping periods The rate was obtained by plotting the

natural logarithm of the concentration of specific contaminants normalized to the starting concentration

versus time

Separate graphs were prepared for select groundwater monitoring wells for the active pumping

and non-pumping scenarios Following the graphing of the contaminant concentration as described

linear regression analysis was performed on each graph to determine the rate of contaminant reduction

exhibited in each of the wells for the specific Col These graphs are presented in Attachment

summary of the Col reduction rate estimates is presented in Table The calculated contaminant

reduction rates consider the reduction in contaminant concentrations due to the combined affect of the

non-destructive advection dispersion etc and destructive biodegradation components of natural

attenuation and for the 1994 to 2000 period the reduction caused by the operation of the pump and treat

system

The following conclusions were derived from information presented in Table based on

comparisons of the rate of contaminant reduction under non-pumping and pumping scenarios
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The rate of PCE concentration reduction was greater in the non-pumping scenario in out of

wells that could be compared

The rate of TCE concentration reduction was greater in the non-pumping scenario in out of

wells that could be compared

The rate of cis-12 DCE concentration reduction was greater
in the non-pumping scenario in

out of 10 wells that could be compared

The rate of vinyl chloride concentration reduction was greater in the pumping scenario in 10

out of 10 wells that could be compared

These results indicate that with the exception of vinyl chloride the rate of concentration

reduction during non-pumping conditions was at least as great as the rate of concentration reduction

during pumping conditions and in fact was significantly higher during non-pumping conditions for PCE

and TCE This trend is consistent with the expected trend given that the more highly oxidized chlorinated

compounds e.g PCE and TCE are more readily degraded under reductive dechlorination conditions

The calculation of average concentration reduction rates for each Col see Table allows an

average half-life value to be calculated for each Col The half life is term used to represent the amount

of time necessary for the concentration of compound to reach concentration equal to one-half the

concentrations measured at time zero Therefore the half life can be used to estimate how long it will

take for the concentrations of CoT in the plume measured in December 2000 to decrease to concentrations

equal to approximately one-half of the December 2000 concentrations assuming the reduction rate does

not change and CoT concentrations do not rebound after the pump and treat system is turned off Based

on this evaluation natural attenuation processes without the assistance of the pump and treat system

could remove 50 percent of the remaining PCE TCE and cis- 2-DCE mass present in the saturated zone

within the next to years The production of vinyl chloride will continue to decline as concentrations

of the parent compounds decline

Step 4Monitor site and validate attenuation rate estimates

After an estimated attenuation rate for CoT is developed for site the predicted sentinel well

concentrations must be validated by continuing to collect groundwater analytical data Typically the

attenuation rate predictions are validated by collecting groundwater samples at sentinel wells to compare

actual Col concentrations to predicted Col concentrations In the event that significant discrepancy is

observed between the predicted and the actual Col concentrations it may be necessary to re-evaluate the

attenuation rate at the site and collect additional biodegradation parameters In the event that the

predicted sentinel well concentrations are proven to be accurate over period of time typically to

years and it appears that potential receptors will not be impacted by the plume closure may be
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requested from the regulatory agency The closure approval from the regulatory agency is often

contingent upon the completion of an extended monitoring program that will provide additional data

relevant to the effectiveness of natural attenuation in achieving site specific clean-up criteria The length

and frequency of the long term monitoring can often be negotiated with the regulatory agency

CONCLUSIONS AND RECOMMENDATIONS

The data presented and discussed herein lead to the following conclusions

Concentrations of PCE TCE and cis-12-DCE in groundwater steadily declined since

groundwater monitoring began in August 1989 until January 1994 apparently due to the

effects of natural attenuation

The production of breakdown products cis- 2-DCE and vinyl chloride in conjunction with

the decline in PCE and TCE concentrations under non-pumping conditions indicate that

natural biodegradation processes i.e reductive dechlorination are active at the.site

The capture zone evaluation of the current pump and treat system indicates that it is

effectively controlling plume migration

The influent concentration of the groundwater recovered by the pump and treat system has

been declining significantly over the past years As of September 2000 approximately 88

percent of the total mass of Col removed by the pump and treat remediation system was
removed prior to 1999

The extent of the PCE TCE and cis-12-DCE plumes as measured by the 100 pg/L isopleth

decreased more rapidly under pumping conditions in comparison to non-pumping conditions

however the rate of PCE and TCE concentration reduction appeared to be greater under non-

pumping conditions

During both pumping and non-pumping periods the lateral extent of Col greater than jtgIL

was fully contained within site boundaries

Based on the evidence provided in this memorandum documenting the effectiveness of natural

attenuation at this site combined with previous source control measures soil excavation and pump and

treat operation lack of
potential receptors and historical data indicating downgradient plume of limited

extent we recommend requesting approval from Ecology to shut down the pump and treat system and

monitor groundwater over minimumsix month period to evaluate whether VOC concentrations rebound

in site groundwater Discontinuation of the groundwater pump and treat system is further supported by

considering the significant amount of energy resources expended to operate the system approximately

130 kilowatt-hours per day for minimal amount of VOCs currently being removed by the system

approximately 0.3 pounds per day based on January 2000 through September 2000 technical

memorandum outlining the proposed discontinuation of the pump and treat system and the subsequent

groundwater monitoring schedule should be prepared and submitted to Ecology for approval The pump
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and treat system should remain at the site in standby mode The technical memorandum outlining the

steps to be completed for shut down of the system should include contingency plan for restarting the

pump and treat system in the event that monitoring indicates that natural attenuation processes are not

effective in maintaining acceptable concentrations within the site boundary Following the six month

period after system shut down groundwater data should be evaluated to develop final remedy for the

site
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Landau

Environmental and Geotechnical services TECHNICAL MEMORANDUM

TO Jim Bet Carl Bach

The Boeing Company

FROM Martin Powers and Jerry Ninteman

DATE June 112001

RE PUMP AND TREAT REMEDIAL SYSTEM EVALUATION SWMU 20

BOEING DEVELOPMENTAL CENTER

TuKwILA WASHiNGTON

In accordance with our letter proposal dated January 2001 we have completed Task Pump

and Treat Remediatioii System Evaluation at the referenced site In completing the task authorized we

examined the following information relative to the groundwater pump and treat system

Current and historical contaminant distribution lateral and vertical to evaluate system

effectiveness in plume control and aquifer restoration This task included preparation of

volatile organic compound VOC concentration isopleth maps for perchloroethylene PCE
trichioroethylene TCE cis- -2 dichloroethylene cis-1 2-DCE and vinyl chloride for

and zone monitoring wells for three different monitoring events August 1989

January 1994 and December 2000

Capture zone of each extraction well within each of three depth intervals i.e and

Horizons at current pumping rates This task included preparation of one groundwater

elevation contour map for the and Horizons using data representative of non-

pumping conditions and steady state pumping conditions in E-1 and E-2 and estimating the

capture zone from these maps The capture zone was compared to plume maps to evaluate

plume containment

Appropriateness of current extraction well locations and screen depths

Appropriateness of alternate pumping rates or alternate pumping scenarios e.g cyclic

pumping or concurrent extraction from both wells with respect to plume containment and

aquifer restoration

Current mass removal rates trends in mass removal and total VOC mass removed to date

Natural attenuation mechanisms and effectiveness including comparison of current mass

removal rates to potential natural attenuation rates

In developing our conclusions for the evaluation we reviewed data for dissolved-phase

concentrations in groundwater monitoring wells located at the site Table groundwater elevation data

based on historical groundwater level measurements and an elevation survey of the monitoring and

extraction wells completed in February 2001 Table groundwater monitoring and extraction well

construction details as previously provided in the document entitled Groundwater Extraction and

130 2nd Avenue Edmonds WA 98020 425 778-0907 Fax 425 778-6409
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Treatment System Assessment Tetra Tech August 1996 Table and VOC mass removal rates

exhibited by the pump and treat system as reported by The Boeing Company Boeing Table

BACKGROUND INFORMATION

Our review of the data indicates that release of chlorinated hydrocarbons to the subsurface was

initially discovered in 1989 The apparent source of the chlorinated hydrocarbons was the vapor

degreaser sumps which were in use at the facility from 1958 until 1984 and contained PCE and TCE

The presence of chlorinated hydrocarbons in the subsurface was detected during the implementation of

structural improvements at the DC 9-101 building In the spring of 1990 approximately 1398 tons of

impacted soil was removed and disposed at licensed disposal facilities The initial groundwater sampling

event was completed at the site in August 1989 after groundwater monitoring wells were installed to

determine the extent of impact to the groundwater from the chlorinated hydrocarbons Twenty-one 21 of

the current groundwater monitoring wells MW-6B 6C 7C 8C 9A 9B 9C 9D 1OA 1OC hA 12A

13A 13C 14A 14C 15A 15C 15D l6A and 16C were used for the collection of groundwater samples

from 1989 to 1991 Thirteen additional groundwater monitoring wells MW-14E 17A 17C 17D 18A

18C 18D 19A 19C 19D 20A 20C and 20D were installed in February 1991 and one additional

groundwater monitoring well MW-21A was installed in October 1992 The groundwater monitoring

wells installed at the facility were constructed to permit evaluation of distinct layers horizons of the

groundwater present
beneath the site The range of depths of the monitoring well screens relative to the

horizon of groundwater targeted for assessment were as follows

Horizon Wells Screen Depths Ranging from 6.5 to 21.5 ft below the ground surface BGS

Horizon Wells Screen Depths Ranging from 22.0 to 27.5 ft BOS

Horizon Wells Screen Depths Ranging from 23.5 to 40.5 ft BGS

Horizon Wells Screen Depths Ranging from 40.0 to 56.0 ft BGS

Horizon Well Screen Depth Ranging from 77.0 to 82.0 ft BGS

and Horizon wells were intended to monitor three distinct layers of groundwater located

in the shallow unconfined aquifer beneath the site The Horizon wells were intended to evaluate the

semi-confined layer of groundwater present beneath discontinuous silt aquitard underlying the

unconfined aquifer The Horizon well MW-14E was intended to monitor the water quality in fully

confined aquifer present beneath massive marine silt deposit underlying the semi-confined aquifer The
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Horizon well has not exhibited impact by chlorinated hydrocarbons in excess of laboratory detection

limits since August 1997 therefore the Horizon is not included in the evaluation contained herein

Our assessment of the pump and treat system focuses on the chlorinated hydrocarbons PCE TCE

cis-12-DCE and vinyl chloride These constituents are considered the primary constituents of interest

CoT based on their concentration and frequency of detection in site monitoring wells Data provided by

Boeing indicate that two other constituents benzene and naphthalene are present in site groundwater at

concentrations that exceed either Model Toxics Control Act MTCA Method or Method

groundwater cleanup levels However these constituents are not considered Col because as of December

2000 the concentration of benzene and naphthalene exceed cleanup levels at only one well each The

December 2000 exceedances are limited to monitoring well MW-16A which yielded benzene

concentration of 46 micrograms per liter JAgIL compared to Method cleanup level of rg1L and

MW-15A which yielded naphthalene concentration of 696 ig1L compared to Method cleanup level

of 320 tg/L Comparison with MTCA cleanup levels is for screening purposes only site-specific

cleanup levels are being developed and will be included in the Site Summary Report

The groundwater pump and treat remediation system was installed in the fall of 1993 and began

operation on March 1994 The remediation system utilizes two wells E-1 and E-2 for the extraction

of impacted groundwater E-1 was installed with screened interval extending from approximately 23 to

38.3 ft BGS which indicates that B-I was capable of collecting groundwater from the and

Horizons of the shallow groundwater present beneath the site E-1 remained in use as the sole recovery

well at the site fromMarch 1994 to December 13 1995 The second groundwater extraction well E-2

was utilized for groundwater extraction beginning in July 1996 E-2 was constructed with well screen

extending from approximately 22 to 32 ft BGS which indicates that extraction of water from E-2 would

also be within the and Horizons of the groundwater beneath the site Since July 1996 the

extraction wells have been used alternately for extraction with E-2 being operated for majority of the

time

For the purpose of our evaluation the data collected for the site was considered under two distinct

scenarios prior to the activation of the remediation system and following the activation of the remediation

system Our evaluation of the data compiled for the site follows

CONTAMINANT DIsTRIBuTIoN EVALUATION

Groundwater analytical data have been compiled at the site since 1989 Table provides

summary of the analytical data for the primary Col at the site For the purpose of evaluating the

distribution of chlorinated hydrocarbons over time we have utilized the dissolved phase concentrations

reported for August 1989 January 1994 and December 2000 to develop site maps showing Col data for
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the Horizon inclusive of the two Horizon wells Horizon and Horizon groundwater These

site maps are presented on Figures IA and 1-D through 4-A 4-C and 4D The and

designation refers to the and and Horizons respectively Figures were not prepared for the

Horizon because this horizon only contained two data points Analytical data for PCE TCE cis-12-

DCE and vinyl chloride Figures through respectively

Since the groundwater pump and treat system was not activated until March 1994 expansion or

contraction of the dissolved phase plumes of Col from August 1989 to January 1994 would be attributed

to the natural attenuation of the chlorinated hydrocarbons Natural attenuation includes non-destructive

processes adsorption dispersion advection and volatilization and destructive processes

biodegradation to reduce the concentration and/or mass of contaminants in the groundwater Expansion

or contraction of the Col plumes between January 1994 and December 2000 can be attributed to both

natural attenuation processes and the mass removal of chlorinated hydrocarbons caused by the pump and

treat system It should be noted that the overall extent of the dissolved phase plumes i.e the J.tg/L

contour area appears to increase significantly between 1989 and 1994 However the increase in the

estimated size of the plumes can be at least partially attributed to the fact that 14 groundwater monitoring

wells were installed after August 1989 thus providing additional data points to more clearly estimate the

plumes fringe areas

Data Evaluation August 1989 to January 1994

The evaluation of data for the period from August 1989 to January 1994 was completed based on

the information provided on Figures through comparison of August 1989 and January 1994

isopleth maps for the same constituent indicates that the lateral extent of dissolved phase PCE TCE and

cis-12-DCE in excess of 100 j.tgIL decreased or did not change during this period in the and

Horizons the arbitrary cutoff concentration of 100 tgfL was used in this analysis as representative

indicator of the plume extent None of the Col exceeded 100 jtg/L in the Horizon in either 1989 or

1994 The extent of the 100 Jlg/L isopleth of dissolved phase vinyl chloride increased during this period

To quantify the change in area of the groundwater impacted by the Col in excess of 100 j.igIL we

estimated the area of the plumes with concentrations of Col greater than 100 xgfL for the and

Horizons The estimated percentage of variation in the area of groundwater impacted by each Col in

excess of 100 tg/L from August 1989 to January 1994 was then quantified as shown in Table As

indicated in Table the area of groundwater impacted by 100 p.g/L of the Col appeared to change from

August 1989 to January 1994 as follows
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PCE impact greater than 100 tg/L decreased by 12 percent in the Horizon and 100 percent to

less than 100 jtgfL in the Honzon

TCE impact greater than 100 jiglL decreased by percent in the Horizon and 100 percent in the

Horizon

cis-12-DCE impact greater
than 100 Lg1L decreased by 33 percent in the Horizon and 79

percent in the Horizon

Vinyl chloride impact greater than 100 .tgfL increased by 121 percent in the Horizon the area

of the Horizon containing vinyl chloride concentrations above 100 jtg/L went from square feet

ft2 in 1989 to approximately 3100 ft2 in 1994

The data indicates that the effects of natural attenuation processes had positive impact on the

reduction of concentrations of CoT in the saturated zone especially in the Horizon The increase of

vinyl chloride concentrations and decrease in PCE and TCE concentrations is often observed in plumes in

which reductive dechlorination processes are active Reductive dechlorination is the primary

biodegradation pathway for the more highly chlorinated hydrocarbons e.g PCE and TCE After the

PCE and TCE are sufficiently reduced the biodegradation process often shifts to an alternative

mechanism such as aerobic oxidation iron reduction methanogenesis or cometabolism to continue the

destruction of the less chlorinated compounds e.g cis-12-DCE and vinyl chloride

Data Evaluation January 1994 to December 2000

The evaluation of data for the period from January 1994 to December 2000 was completed based

on the information provided on Figures through comparison of January 1994 and December 2000

isopleth maps for the same constituent indicates that the lateral and vertical extent of dissolved phase

PCE TCE cis-12 DCE and vinyl chloride in excess of 100 pgIL decreased significantly during this

period To quantify the change in area of the groundwater impacted by the Col in excess of 100 pg/L we

estimated the area of the plumes with concentrations of CoT greater than 100 pg/L for the and

Horizons The estimated percentage of variation in the area of groundwater impacted by each Col in

excess of 100 pgIL from January 1994 to December 2000 was then quantified as shown in Table As

indicated in Table the area of groundwater impacted by 100 ig1L of the CoT appeared to change from

January 1994 to December 2000 as follows

PCE impact greater than 100 ppb decreased by 100 percent in the Horizon PCE

concentrations equal to or greater than 100 j.tg/L were not detected in the Horizon in 1994

or 2000

TCE impact greater than 100 ppb decreased by 100 percent in the Horizon TCE

concentrations equal to or greater than 100 tg/L were not detected in the Horizon in 1994

or 2000
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Groundwater extraction weil E-1 was used exclusively for groundwater extraction from March

1994 to December 1995 The groundwater elevation data from the and Horizons in October

1995 is provided on Figure to represent the potentiometric surface for the surficial aquifer under the

influence of groundwater extraction from E-l alone Groundwater extraction well E-2 was used

exclusively for groundwater extraction from March 1999 to December 2000 The groundwater elevation

data from the and Horizons in December 2000 is provided on Figure to represent the

potentiometric surface for the surficial aquifer under the influence of groundwater extraction from E-2

alone The apparent effect on the groundwater flow direction created by the operation of the groundwater

extraction wells is exhibited on Figures and Based on the altered groundwater flow direction caused

by the operation of the extraction wells the independent operation of each of the groundwater extraction

wells is sufficient to limit plume migration Each of the groundwater extraction wells appears to create

capture zone that encompasses the full extent of groundwater impacted by Col in excess of Jtg/L in the

and Horizons The Horizon groundwater was not evaluated because the extraction wells are

not screened within the Horizon and the data do not indicate that the groundwater is significantly

impacted in the Horizon

MASS REMOVAL RATE EVALUATION FOR PUMP AND TREAT SYSTEM

Boeing provided data related to the mass of contaminants removed by the groundwater pump and

treat system The mass removal data is summarized in Table As indicated in Table the pump and

treat remediation system has removed approximately 80 lbs of total chlorinated hydrocarbons from the

subsurface of the site from March 1994 to September 21 2000 The average daily mass removal rate

for the groundwater pump and treat system was approximately 0.05 lbs per day 22 grams per day during

the period analyzed The average daily mass removal rate does not take into consideration periods of time

when the pump and treat system was offline i.e the average daily mass removal rate would be slightly

higher if the total mass removed was divided only by the number of days in which the system was

online Of the 80 lbs of chlorinated hydrocarbons estimated to have been removed by the pump and treat

system approximately 70 lbs 88 percent of the total mass removed were removed prior to 1999 During

the
past two years January 1999 through September 2000 approximately 10 lbs 12 percent of the total

mass removed has been extracted by the pump and treat system The total mass of chlorinated

hydrocarbons extracted by the pump and treat system has been steadily declining since 1997 due to

decline in the concentration of Col present in the groundwater recovered by the pump and treat

remediation system Figure

The data observed relevant to mass removal is typical for groundwater pump and treat systems

During the initial stages of operation of groundwater pump and treat system the groundwater being
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in general more supporting information may be required to demonstrate the efficacy of

monitored natural attenuation at sites with contaminants that transform into more toxic and/or mobile

forms than the parent contaminant This final statement is applicable to PCE TCE and cis-l2 DCE

ultimately degrading to vinyl chloride

In consideration of the need to verify the first two lines of evidence listed above the occurrence

of natural attenuation may be evaluated at site by performing the following steps

Step Evaluate the potential for natural attenuation to be effective at site

This step requires an evaluation of several data sets The initial data set to be evaluated is the

concentration of the Col over time If natural attenuation processes are to be considered as viable

remediation alternative the concentration of the Col should be decreasing over time primarily as result

of natural biodegradation processes In sites impacted with PCE or TCE the production of

biodegradation breakdown products cis- 2-DCE and vinyl chloride provide the most reliable indication

that natural biodegradation processes are active at the site second set of data that must be considered

in this step
is the presence of potential receptors e.g potable water wells surface water bodies

subsurface structures etc located within the plume area third data set to be considered is the natural

groundwater gradient and velocity exhibited by the impacted groundwater to assist in predicting
if

potential receptor could be impacted in the future by the plume as it migrates before natural attenuation

processes can effectively reduce concentrations to protect the receptor

Sufficient Col data have been collected at the site to indicate that the transformation of
parent

compounds PCE and TCE to breakdown products of cis-1 2-DCE and vinyl chloride occurs and that this

attenuation process has resulted in reduction in the concentration and extent of the Col plumes at the

site In relation to the presence of potential receptors at the site and potential impact to potential receptors

within the extent of the plume area and downgradient the following conclusions have been derived

No potential receptors were identified within the plume area

The nearest downgradient potential receptor The Duwamish Waterway was identified to be

approximately 500 ft west of the former source area of the plume Groundwater analyses for

Col indicate that the dissolved-phase plume has not extended beyond 200 ft downgradient

west-southwest from the source area

It is likely that the reduction of the Col plumes is due to combination of the effects of natural

attenuation and the groundwater pump and treat system This decline can be qualitatively evaluated by

comparing the plume maps presented on Figures through
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Step Identify the natural attenuation mechanisms at the site

This step is completed after it has been determined that there is evidence that natural attenuation

processes are likely having positive impact on the reduction of the CoT plume The key data to be

evaluated during this step are geochemical parameters that may indicate the driving force behind

biodegradation activity at the site As stated earlier reductive dechlorination processes appear to be

ongoing at the site based on the reduction of PCE and TCE concentrations and the presence of cis-12-

DCE and vinyl chloride However sufficient geochemical data has not been collected for the site to

conclusively determine the actual mechanisms responsible for the reductive dechlorination processes

Reductive dechlorination has been demonstrated at other sites under nitrate and iron reducing conditions

but the most rapid biodegradation rates affecting the widest range of chlorinated aliphatic hydrocarbons

occur under sulfate-reducing and methanogenic conditions Bouwer 1994

In our experience it is likely that reductive dechlorination at the site is occurring under

methanogenic conditions because of the presence of vinyl chloride Sites undergoing reductive

dechlorination under sulfate-reducing conditions often do not progress beyond the degradation of TCE

and subsequent formation of cis-l 2-DCE and therefore lack significant concentrations of vinyl chloride

Additional site geochemical data would be needed to demonstrate the actual reductive dechlorination

process Geochemical parameters that would be indicative of reductive dechlorination include reduction

in the concentration of sulfate or nitrate within the impacted area or an increase in the concentration of

ferrous iron iron II methane ethane/ethene or chloride ion in the impacted area

Following the reduction of PCE and TCE the continued biodegradation of the remaining Col

cis-12-DCE and vinyl chloride often is continued by oxidation-reduction mechanisms which are

typically aerobic respiration iron reduction or methanogenesis Evidence of these biodegradation

processes would typically be confirmed by depletion of dissolved oxygen within the impacted area or an

increase of ferrous iron methane etharie/ethene or chloride ion within the impacted area

In addition to the specific evidence referenced for biodegradation of PCE TCE cis- 2-DCE and

vinyl chloride there are conventional parameters that can indicate microbiological activity These

parameters include oxidation-reduction potential alkalinity conductivity carbon dioxide concentration

temperature and pH in groundwater In addition sufficient carbon source must be present to continue

the biodegradation process The availability of carbon can be determined by analyzing the groundwater

for total organic carbon TOC content

Step 3Estimate the attenuation rate of Col for the site

Following the completion of the initial two steps involved with the natural attenuation evaluation

it is often necessary to estimate the rate of attenuation of the Ccl present in the subsurface Estimating the
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rate of attenuation may be simplistic e.g regression analysis to determine the attenuation rate observed

due to natural processes or more sophisticated e.g implementation of three-dimensional groundwater

model for the site The goal of estimating the rate of attenuation is to predict whether cleanup level goals

can be obtained within reasonable timeframe and within an acceptable distance downgradient of the

release area at identified sentinel wells Accurate predictions of Col concentrations in sentinel wells

that are also protective of human health and the environment are key to gaining regulatory approval for

the use of natural attenuation as remediation method for the site

Attenuation rates are typically calculated by observing the rate at which contaminant

concentration decreases with distance downgradient along groundwater migration pathway The data

are typically fitted to first order exponential decay equation and regression analysis is performed to

obtain the rate constant for example see USEPA 1998 Methods are available to separate the affects of

non-biological processes e.g adsorption dispersion advection and volatilization from biological

processes Such an evaluation requires knowledge of the groundwater flow velocity and direction and

contaminant concentration data from several monitoring points located along common migration

pathway Because knowledge of these conditions does not exist for this site to the level needed to

conduct such an evaluation modified evaluation was conducted with the objective of comparing the

relative rate of contaminant concentration reduction for the non-pumping period i.e 1989 to 1994 to the

relative rate of contaminant concentration reduction for the pumping period i.e 1994 to 2000 The

evaluation consisted of calculating the rate at which Col concentrations decreased with time at site

monitoring wells during the non-pumping and pumping periods The rate was obtained by plotting the

natural logarithm of the concentration of specific contaminants normalized to the starting concentration

versus time

Separate graphs were prepared for select groundwater monitoring wells for the active pumping

and non-pumping scenarios Following the graphing of the contaminant concentration as described

linear regression analysis was performed on each graph to determine the rate of contaminant reduction

exhibited in each of the wells for the specific Col These graphs are presented in Attachment

summary of the Col reduction rate estimates is presented in Table The calculated contaminant

reduction rates consider the reduction in contaminant concentrations due to the combined affect of the

non-destructive advection dispersion etc and destructive biodegradation components of natural

attenuation and for the 1994 to 2000 period the reduction caused by the operation of the pump and treat

system

The following conclusions were derived from information presented in Table based on

comparisons of the rate of contaminant reduction under non-pumping and pumping scenarios
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The rate of PCE concentration reduction was greater in the non-pumping scenario in out of

wells that could be compared

The rate of TCB concentration reduction was greater in the non-pumping scenario in out of

wells that could be compared

The rate of cis-12 DCE concentration reduction was greater in the non-pumping scenario in

out of 10 wells that could be compared

The rate of vinyl chloride concentration reduction was greater in the pumping scenario in 10

out of 10 wells that could be compared

These results indicate that with the exception of vinyl chloride the rate of concentration

reduction during non-pumping conditions was at least as great as the rate of concentration reduction

during pumping conditions and in fact was significantly higher during non-pumping conditions for PCE

and TCE This trend is consistent with the expected trend given that the more highly oxidized chlorinated

compounds e.g PCB and TCE are more readily degraded under reductive dechlorination conditions

The calculation of average concentration reduction rates for each Col see Table allows an

average half-life value to be calculated for each Col The half life is term used to represent the amount

of time necessary for the concentration of compound to reach concentration equal to one-half the

concentrations measured at time zero Therefore the half life can be used to estimate how long it will

take for the concentrations of Col in the plume measured in December 2000 to decrease to concentrations

equal to approximately one-half of the December 2000 concentrations assuming the reduction rate does

not change and Col concentrations do not rebound after the pump and treat system is turned off Based

on this evaluation natural attenuation processes without the assistance of the pump and treat system

could remove 50 percent of the remaining PCE TCE and cis-1 2-DCE mass present in the saturated zone

within the next to years The production of vinyl chloride will continue to decline as concentrations

of the parent compounds decline

Step Monitor site and validate attenuation rate estimates

After an estimated attenuation rate for Col is developed for site the predicted sentinel well

concentrations must be validated by continuing to collect groundwater analytical data Typically the

attenuation rate predictions are validated by collecting groundwater samples at sentinel wells to compare

actual Col concentrations to predicted Col concentrations In the event that significant discrepancy is

observed between the predicted and the actual Col concentrations it may be necessary to re-evaluate the

attenuation rate at the site and collect additional biodegradation parameters In the event that the

predicted sentinel well concentrations are proven to be accurate over period of time typically to

years and it appears that potential receptors
will not be impacted by the plume closure may be
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requested from the regulatory agency The closure approval from the regulatory agency is often

contingent upon the completion of an extended monitonng program that will provide additional data

relevant to the effectiveness of natural attenuation in achieving site specific clean-up criteria The length

and frequency of the long term monitoring can often be negotiated with the regulatory agency

CONCLUSIONS AND RECOMMENDATIONS

The data presented and discussed herein lead to the following conclusions

Concentrations of PCE TCE and cis-l2-DCE in groundwater steadily declined since

groundwater monitoring began in August 1989 until January 1994 apparently due to the

effects of natural attenuation

The production of breakdown products cis-12-DCE and vinyl chloride in conjunction with

the decline in PCE and TCE concentrations under non-pumping conditions indicate that

natural biodegradation processes i.e reductive dechlorination are active at thesite

The capture zone evaluation of the current pump and treat system indicates that it is

effectively controlling plume migration

The influent concentration of the groundwater recovered by the pump and treat system has

been declining significantly over the
past years As of September 2000 approximately 88

percent of the total mass of Col removed by the pump and treat remediation system was

removed prior to 1999

The extent of the PCE TCE and cis-12-DCE plumes as measured by the 100 p.gIL isopleth

decreased more rapidly under pumping conditions in comparison to non-pumping conditions

however the rate of PCE and TCE concentration reduction appeared to be greater under non-

pumping conditions

During both pumping and non-pumping periods the lateral extent of Col greater than LgfL

was fully contained within site boundaries

Based on the evidence provided in this memorandum documenting the effectiveness of natural

attenuation at this site combined with previous source control measures soil excavation and pump and

treat operation lack of potential receptors and historical data indicating downgradient plume of limited

extent we recommend requesting approval from Ecology to shut down the pump and treat system and

monitor groundwater over minimum six month period to evaluate whether VOC concentrations rebound

in site groundwater Discontinuation of the groundwater pump and treat system is further supported by

considering the significant amount of energy resources expended to operate the system approximately

130 kilowatt-hours per day for minimal amount of VOCs currently being removed by the system

approximately 0.3 pounds per day based on January 2000 through September 2000 technical

memorandum outlining the proposed discontinuation of the pump and treat system and the subsequent

groundwater monitoring schedule should be prepared and submitted to Ecology for approval The pump
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and treat system should remain at the site in standby mode The technical memorandum outlining the

steps to be completed for shut down of the system should include contingency plan for restarting the

pump and treat system in the event that monitoring indicates that natural attenuation processes are not

effective in maintaining acceptable concentrations within the site boundary Following the six month

period after system shut down groundwater data should be evaluated to develop final remedy for the

site
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5.6

5.5

12.63

3.2

14

11.83

5.00
640.52

NA

5.38 6.24

5.00 93.62

NA

5.00 10.00

5.00
1.47

NA

2539
5.66

3.6 463

NA

12 2.6

3.5 532

NA

3.2 1.6

4.5 187

NA

6.2
1.6

5.5

1470

1100

NA

NA

2.4

1.7

1.13

1.00

5.5 719

NA

1.00 1.00

15.65

10.00

1.00

10.00

785

90.5

53.2

284

1.00

1.00

1.00

1.00

1.00

1.00

11.00

1.00

1.00

1.00

1.00

Iioo

10.00

1.01
1.00 1.00 1100

10.00

2.53
1.00

1.76

1.00

L1

2.8

4.3

1.38

5.00

5.00

1.09

1.00

1.4

1.2

2.90

4.13

1.00

2.3

3.8

14.1

4.3

12.3

12.1

ND

5.3

1.00

5.00

5.00

1.19

1.6

1.00

1.00

1.00

1.00

1.00

1.00

00

1.00

1.00

11

00

NA

17D

ND

1.8

1.00

ND

ND

1.00

ND

1.3

2.02

ND

ND

1.00

1.4

24

1.00

ND

1.7

1.17

5.00 5.00

5.00 5.00

1.00 1.00

1.00 1.00

1.00 1.00

1.00 1.00

1.00
1.00

1.00 1.00

1.00 1.00

1.00

1.00

1.00

1.00

1.00

1.00

11.00

11.00

1.00 1.00

NA
1.00

18C

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.1

1.8

2.8

1.9

2.1

1.3

1.59

T5

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

00

1.00

11.00

11

00

1.00

1.00

19A 19C

5.00 5.00

5.00 5.00

1.00
1.37

1.00

1.3

1.00 1.00

1.00 1.00

1.00 1.2

1.00

1.2

1.00

1.2

1.00

11.00

1.00

1.00

1.2

1.4

1.00

1.00
1.03

1.00 1.00

190

ND

ND

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

20A

ND

ND

ND

00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

20C

3.9

20

16

734

6.06

5.00

2.46

2.5

2.1

1.9

1.6

1.00

1.00

1.00

1.5

1.00

1.00

1.3

1.00

Tö5
21A

ND

ND

1.8

2.22

NA

NA

5.00

NA

5.00

NA

46.38 1.00

1.00

1.00

1.00

1.00

1.00

1.00 1.00

1.00 1.00

1.00 1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00 1.00

100 1.00
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WASHINGTON

Vinyl

Chloride

ugh

Page

of

-o CD -S -o -S

__________

Aug-89

Feb-91Jun-93

IJan-94

May-95

Oct-95

Feb.9j

May-96

Aug.96

Nov-96

Feb-97

May-97

Aug-97

Nov-97

Jun-98Oct-98

Jun-99

Nov-99

Jun-00

Dec-CO

06B

4.7

ND

74

13

36.53

31.8

52.29

44.78

545

49.4

63.7

88.7

55

62.7

46.3

4.2

48.4

25.9

21.58

06C

1.6

ND

26

30

20.89

34.09

38.34

22.06

164

12

18.3

50.3

139.5

26.1

54.6

4.4

1.00

1.00

08C

14

25

ND

130

42.13

32.69

35.33

35.96

129

41.2

201

488

256

210

20.6

15.00

49.7

21.4

12.4

2.00

09A

26

2000

350

240

917.05

449

1385

844.9

124

228

80.9

185

127

135

83.8

425

14

278

499

17.95

09B 09C 09D 1OA

23 110 05 4.0

830 130 ND 54

87 82 ND

140 190 ND 120

648.6233.79

1.37

116.25

175.6 185 5.00 16.12

836

71.74 5.00
31.6

228.2 50.13 1.00
651.2

104

62.6

106

19.4
1.00

80.9

16.7

41.7

270

59.8

147

100

100

48.2

33.4

20.9

50.7

102.5

87.8

1.00

1.00

9.8

8.8

439.56

132

152.36

66.6

82.6

146.7

1.1

1.00

59

16.4

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

8.7

1.3

12.1

3.5

3.32

lOG

8.3

ND

39

229

33.16

40.41

18.69

11.6

10.1

1.00

4.3

3.8

1.7

1.6

2.8

1.4

2.1

1.00

hA 12A

7.2 3.2

13 ND

39 14

26.80 1.00

8.37
17.16

12.14 5.00

14.04
1.00

3.8 2.9

1.8 8.6

1.00 1.00

1.00

9.4

1.00

6.7

3.4
1.1

1.00

100

1.1

1.00

100

1.00

1.3

100

2.7

1.06

1.00

1.00

13A

ND

ND

12

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

13C 14A

240 24

220 28

760 170

3.03
11.38

5.00 30.32

15.24
44.4

11.48

36.4

3.6

1.9

339

232

2.5

2.2

162

270

1.00

1.00

158

70

1.6

1.8

1.00

1.00

1.00

29.1

13.74

58.2

20.9

19.7

1.00

14C 14E 15A

46 7.7

98 ND 12

120 10 16

103.49

1.43
13.84

1587.3

5.00
31.2

1477 5.00 54.62

134.78

1.00
19.45

414

175

1.3

1.00

19.4

23

1296

307

1.00

1.3

20.4

23.5

148

144

1.00

1.00

17.4

18.6

39.4

56.4

30.2

1.00

1.00

4.67

1.00

1.00

1.00

1.00

1.00

1.00

61.61

17.2

2.9

37

16

10.00

15C 15D

19
210

16 190

38 NA

38.79

NA

142.38

69.81

NA

NA

5.12

NA

104

220

NA

NA

69

598

NA

NA

519

500

NA

NA

772E

194E

121.2

49.2

1.4

21.32

8.6

5.2

1.00

1.00

1.00

1.00

16A 16C

ND

8.9 3.4

15

9.18
23.46

5.00 38.59

5.00 45.16

8.42
31.71

4.4

1.00

20.8

11.8

1.00

2.2

11.3

9.1

1.00

1.00

1.00

00

1.00

1.4

1.00

1.00

1.9

1.00

1.00

1.00

1.00

1.00

1.00

17A 17G 17D

ND ND ND

ND 10 ND

1.00
2.32

1.00

5.00 5.00 5.00

5.00 5.00 5.00

1.00 1.00 1.00

1.00

1.00

1.00

iTöö

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00 1.00 1.00

1.00

1.00

1.00

1.00

1.00

NA

1.00

1.00

NA

18A

ND

ND

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

IiOO

1.00

18C 18D

ND ND

ND ND

1.00 1.00

5.00 5.00

5.00 5.00

1.00 1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.1

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

19A

ND

ND

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

19C

ND

5.5

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

100

1.00

1.00

19D 20A 20C

ND ND ND

ND 28

ND ND 47

1.00 1.00 20.12

5.00 5.00 12.63

5.00 5.00 13.77

1.00 1.00
8.32

1.00

1.00

1.00

1.00

6.7

3.4

1.00

1.00

1.00

1.00

3.3

3.4

1.00

1.00

1.00

100

1.00

Tbö

1.00

1.00

1.00

1.00

1.00

1.00

1.6

t8

1.00

1.00

1.00

00

1.00

100

1.00

1.9

1.00

.1.06

20D 21A

ND

ND

ND NA

6.98 NA

5.00

NA

5.00

NA

31.12
1.00

1.00

1.00 1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

11.00

1.00

too

too

1.00

1.00

1.00

1.00

i.oo

00
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Aug-89

Feb-91Jun-93Jan.94

May-95

Oct-95Feb-96May-96Aug.96Nov.96Feb.97

May-97

Aug-97

Nov-97

Jun.98

Oct-98

Jun-99Nov.99

Jun-00

Dec-00

06B

ND

ND

ND

ND

1.00

5.00

5.00

1.00

1.00

Tö

1.00

1.00

1.00

1.00

1.00

1.3

1.00

1.00

1.00

1.00

06C

0.4

ND

NDND

8.64230.0929.9613.75.62.93.4

4.6

4.1

4.2

4.25.7

2.8

2.7

1.00

2.76

08C

ND

ND

ND

ND

225.74135.58104.73

104.6

31.8

121

27.5

6.1

4.00

4.00

13.6

5.00

1.00

2.00

15.8

2.00

09A

0.5

ND

ND

ND

1.00

5.00

500.00

50.00

3.33

10.00

4.00

5.00

1.00

4.00

1.00

10.00

1.00

10.00

10.00

5.00

09B

ND

ND

ND

ND

19.76

33.30

50.00

10.00

2.5

1.00

7.5

3.1

3.3

3.33

10.00

2.00

2.00

2.00

2.00

09C

0.5

ND

ND

ND

1.00

5.00

10.00

1.00

9.6

2.4

6.3

9.3

4.8

3.6

1.7

2.5

1.7

1.00

1.5

1.36

09D

ND

ND

ND

ND

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

00

1OA

ND

35

ND

To5

5.00

10.00

1.00

3.33

1.00

1.00

1.00

1.00

1.00

1.00

tOO

1.00

100

100

1OC

0.8

ND

ND

1.15

5.00

5.00

1.33

1.4

1.4

1.5

1.4

1.2

1.3

1.3

1.1

1.1

100

1.4

1.23

hA

ND

ND

ND

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

12A

ND

ND

ND

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

13A

ND

ND

ND

1.00

5.00

5.001.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

13C

ND

0.6

ND

4.88

69.66

33.56

25.76

75

34.1

36.5

20.5

7.6

6.8

3.9

3.3

1.00

2.31

14A

ND

ND

ND

1.00

5.00

20.00

1.00

10.00

5.00

4.00

2.00

2.00

2.00

1.00

1.00

1.00

1.00

1.00

1.00

14C

13

ND

ND

1.00

5.00

5.00

26.44

22

11.7

10.00

10.00

10.00

4.3

2.8

4.64

2.5

1.2

1.4

1.33

14E

ND

ND

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

15A

ND

ND

ND

1.00

5.00

5.00

5.00

2.00

1.00

4.00

1.00

2.00

3.33

10.00

1.00

10.00

10.00

10.00

15C

ND

ND

1.00

33.30

5.00

ôö

3.33

1.00

2.00

if

10.00

Tôôô

3.33

5.2

5.4

1.00

4.28

15D

ND

ND

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

1.00

1.00

1.00

1.00

1.00

1.00

iSA

ND

ND

ND

11.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

109

.49.6

1.6

46.03

16C

ND

ND

ND

1.00

5.00

10.00

1.00

3.3

31.2

11.3

14.4

18.8

1.7

15

8.3

10

6.4

7.8

4.33

17A

ND

ND

1.00

5.00

5.00

1.00

78.8

2.7

1.00

1.00

1.00

1.00

11.2

1.00

1.00

1.00

1.5

00

17C

ND

ND

142.64

73.23

34.26

92.46

40.6

22.5

36.6

4.7

21.8

8.53

5.6

2.7

3.7

2.4

2.1

NA

17D

ND

ND

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

.NA

18A

ND

ND

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

18C

18

14

8.77

5.28J

5.00

5.79

5.4

3.1

3.6

2.9

2.7

1.5

1.4

1.5

1.00

1.1

1.26

18D

ND

ND

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

00

1.00

1.00

100

1.00

00

19A

ND

1.1

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

19C

ND

61

17.57

13.44

7.14J

10.466.85.66.86.23.42.92.21.81.8

1.3

1.2

1.43

19D

ND

3.9

3.60

5.00

5.00

2.42

2.2

1.6

1.9

Tö

.Töö

1.00

Töô

too

too

1.00

1.00

20A

ND

ND

ND

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

too

1.00

1.00

20C

0.7

ND

ND

1.00

5.00

5.00

1.00

1.1

1.00

1.1

iT

too

too

i.oo

1.00

1.00

1.00

00

20D

ND

ND

ND

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

00

00

21A

NA

NA

NA

NA

1.00

1.00

1.00

1.00

1.00

tOO

1.00

too

1.00

1.00

1.00

100
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95

Feb-96May-96Aug-96Nov-96

IFeb-97

May-97

Aug.97

Nov-97Jun-98Oct.98Jun-99Nov-99Jun.00Dec-00

06B 06C

NA NA

NA NA

NA

NA NA

NA NA

NA NA

1.00
29.26

2.8

1.00

10.4

9.1

1.00

1.00

8.8

7.2

1.00

1.00

1.00

1.4

1.00

1.00

1.00

1.00

1.00

18.4

25.1

1.00

7.7

44.97

OBC

NA

NA

NA

NA

NA

NA

351.9

401

155

370

234

118

292

600

38.6

230

137

109.2

174.1

09A

NA

NA

NA

NA

NA

NA

50.00

3.33

10.00

4.00

5.00

1.00

1.00

10.00

1.00

10.00

10.00

8.65

098

NA

NA

NA

10.00

.ô

1.00

13.8

22.4

2.00

3.33

10.00

3.4

4.6

2.00

11.2

090

NA

NA

NA

NA

NA

NA

1.00

1.2

1.00

8.8

6.5

1.00

25

1.00

1.00

6.8

1.00

1.67

09D 1OA 100 hA

NA NA NA NA

NA NA NA NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

1.00

NA

NA

10.00

NA

NA

14.27

NA

NA

1.00

1.3

1.00

4.2

3.33

30.5

6.3

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

56.1

6.4

7.6

5.8
1.00

1.00

1.00

1.00

1.00

2.8

1.00 1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

3.8

4.7

2.7

1.00

tOO

15.1

1.00

12A 13A 130

NA

NA

NA

NA

NA

NA

NA NA NA

NA NA NA

NA NA NA

NA NA NA

1.00 1.00 1.00

1.00
1.00 1.00

1.00 1.00 1.00

1.00 1.00 1.00

1.00 1.00 1.00

1.00

Ji.oo

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

11.00

1.00

1.00

1.00

1.00

1.00

1.oo

11.00

i.oo

1.00

14A 140

NA

NA

NA

NA

NA NA

NA

1.00 2.00

10.00
To

5.00 Töd

4.00

2.00
10.00

2.00
10.00

2.00 11.8

1.00

7.2

1.00

150

4.8

235

113.23

6.5

6.3

7.3

17.2

8.7

14E 15A

NA NA

NAT

NA

NA

NA

NA NA

NA NA

NA

1.00

NA

423.67

1.00

1.00

1.00

1.00

1.00

152

247

136

67.3

1.00

1.00
1721E

1.00

1.00

1.00

1.00

1.00

916

158.9

1561

695.6

150

H15D

16A

NA NA NA

NA NA NA

NA NA NA

NA NA NA

NA NA NA

NA NA NA

1.00

NA

1.00

NA

1.00

1.00

NA

1.00

4.4

NA

1.00

10.00

10.00

10.00

3.33

NA

NA

NA

1.00

1.00

1.00

1.00

1.00

4.8

2.00

2.00

1.00

1.00

1.00

1.00

11.00

11

00

29.8

1.00

1.00

1.00

00

11.00

160

NA

NA

NA

NA

NA

NA

1.00

1.00

1.00

1.00

NA

1.00

62

1.00

1.00

NA

1.00

1.00

26.6

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

17A 170

NA NA

NA NA

NA NA

NA NA

NA

1.00

0.6

1.00
37.3

1.00

1.00

105

1.00

1.00

1.00

1.00

31.9

1.00

1.00

16.6

13.7

1.00

NA

170

NA

NA

NA

1.00

1.00

1.00

1.00

1.00

1.00

1.00

NA

iSA 180 180 J_

NA NA NA NA

NA NA NA NA

NA NA NA NA

NA NA NA NA

NA NA NA NA

NA NA NA NA

1.00 1.00
1.00 1.00

1.00 1.00 1.00 1.00

1.00 1.00 1.00 1.00

1.00
1.7

1.00 1.00

1.00 1.00 1.00 1.00

1.00 1.00 1.00 1.00

1.00 1.00 1.00 1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.1

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

i.oo

1.00

1.00

iOu

190

NA

NA

NA

NA

NA

NA

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

11.00

1.00

1.00

11.00

1.00

19D

NA

NA

NA

NA

NA

NA

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

11.00

1.00

1.00

1.00

00

20A 200 20D 21A

NA NA NA

NA NA NA

NA NA NA

NA

NA

NA

NA

NA

NA

NA NA NA

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

11.00

1.00

1.00

1.00

1.00

1.00

1.00

11.00

11.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

i.oo

1.00

NA

NA

NA

NA

NA

NA

1.00

1.00

1.00

1.00

1.00

1.00

1.00

i.oo

11.00

1.00

100

1.00

1.00

NA

Constituent

was

not

analyzed

NO

Constituent

was

not

detected

in

laboratoryanalysis6/7/2001s\wproc\025\093\dc_tbi

xis

Landau

Associates



Table2 Pagelofi

Groundwater Elevation Data

Boeing Developmental Center

DC 9-101 Building SWMU 20

Pump and Treat Evaluation

Tukwila Washington

DEVELOPMENTAL CENTER WATER LEVEL MEASUREMENTS

December 2000 October 1995 February 1996

Top of Well

Well Casing Elev Depth to Water Depth to Water Depth to Water

Well Location/Bldg Well ID No Depth NGVD29 Water Elevation Water Elevation Water Elevation

9-101-bldg MW-6B 27.2 14.83 13.55 1.28 13.90 0.93 11.63 3.20

9-101-bldg MW-SC 40.55 14.99 13.7 1.29 14.20 0.79 11.75 3.24

9-101-bldg MW-BC 40.2 14.92 13.71 1.21 13.31 1.61 11.77 3.15

9-101-bldg MW-9A 21.3 14.64 13.72 0.92 12.96 1.68 11.51 3.13

9-101-bldg MW-9B 26.9 14.72 13.82 0.90 13.06 1.66 11.78 2.94

9-101-bldg MW-9C 38.8 14.68 13.57 1.11 12.96 1.72 11.65 3.03

9-101-bldg MW-9D 56 14.66 13.03 1.63 13.03 1.63 11.60 3.06

9-101-bldg MW-bA 20.2 14.69 13.62 1.07 13.08 1.61 11.72 2.97

9-101-bldg MW-bC 40.4 14.62 13.4 1.22 12.99 1.63 11.60 3.02

9-101-bldg MW-hA 19.9 14.88 13.52 1.36 13.22 1.66 11.62 3.25

9-101-bldg MW-12A 20.2 14.83 13.5 1.33 13.25 1.58 11.71 3.12

9-101-bldg MW-13A 19.37 14.14 12.76 1.38 12.86 1.28 11.20 2.94

9-101-bldg MW-13C 35.62 14.02 12.69 1.33 12.71 1.31 11.02 3.00

9-101-bldg MW-14A 19 14.47 12.98 1.49 13.28 1.19 11.40 3.07

9-101-bldg MW-14C 33.3 13.97 12.49 1.48 12.87 1.10 10.96 3.01

9-101-bldg MW-14E 82.1 14.18 7.44 6.74 8.36 5.82 7.25 6.93

9-101-bldg MW-iSA 20.7 14.17 12.82 1.35 12.86 1.31 11.10 3.07

9-101-bldg MW-15C 34.35 14.17 12.77 1.40 12.67 1.50 11.10 3.07

9-101-bldg MW-15D 51.8 14.41 12.9 1.51 nm nm nm nm

9-101-bldg MW-16A 20.55 14.99 13.5 1.49 13.72 1.27 11.77 3.22

9-101-bldg MW-16C 38.3 15.04 13.67 1.37 13.89 1.15 11.94 3.10

9-101-bldg MW-17A 19 14.8 13.32 1.48 13.37 1.43 11.65 3.15

9-101-bldg MW-17C 35 14.85 nm nm 13.40 1.45 11.66 3.19

9-101-bldg MW-17D 52.5 14.87 nm nm 13.44 1.43 11.81 3.08

9-101-bldg MW-18A 20.02 14.3 12.84 1.46 12.90 1.40 11.39 2.91

9-101-bldg MW-18C 34.55 14.63 13.12 1.51 13.21 1.42 11.65 2.98

9-lOb-bldg MW-18D 52.85 14.26 12.85 1.41 12.87 1.39 11.39 2.87

9-101-bldg MW-19A 16.86 12.23 10.93 1.30 10.92 1.31 9.12 3.11

9-101-bldg MW-19C 33.92 12.23 10.89 1.34 10.83 1.40 9.03 3.20

9-101-bldg MW-19D 51.86 12.23 10.9 1.33 10.96 1.27 9.38 2.85

9-101-bldg MW-20A 19.34 14.31 12.89 1.42 12.79 1.52 11.13 3.18

9-101-bldg MW-20C 35.32 14.15 12.69 1.46 12.58 1.57 10.73 3.42

9-101-bldg MW-20D 50.15 14.43 12.87 1.56 1298 1.45 11.05 3.38

9-101/9-5Obldg MW-21A 19.9 14.45 13.04 1.41 13.10 1.35 nm nm

na not available

nm not measured

Surface Elevation

Depth to Water measurements taken from top of well casing

Elevations from February 2001 survey

Data collected during period when extraction well E-2 was operating alone

Data collected during period when extraction well E-1 was operating alone

Data collected during non-pumping conditions

s\wproc\025\093\dcJb2 Landau Associates

DFT 001104

CBI/ Personal Privacy Information
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Table

Monitoring Well Construction Details

Boeing Developmental Center

DC 9-101 Building SWMU 20

Pump and Treat Evaluation

Tukwila Washington

Monitoring Well Top of Well Bottom of

Well Diameter Screen Feet Well Screen

Number Const BGS Feet BGS
MW-6B FGRP 22.0 27.5

MW-6C FGRP 30.0 40.5

MW-8C FGRP 30.0 40.5

MW-9A FGRP 11.0 21.5

MW-9B FGRP 22.0 27.0

MW-9C FGRP 29.0 39.5

MW-9D FGRP 41.0 56.0

MW-bA PVC-40 15.0 20.0

MW-bC PVC-40 30.0 40.5

MW-hA PVC-40 9.5 20.0

MW-12A PVC-40 10.0 20.5

MW-13A PVC-40 9.5 20.0

MW-13C PVC-40 25.5 36.0

MW-14A PVC-40 9.0 19.5

MW-14C PVC-40 23.5 34.0

MW-14E PVC-40 77.0 82.0

MW-15A PVC-40 11.0 21.5

MW-15C PVC-40 24.5 35.0

MW-15D PVC-40 41.5 52.0

MW-16A PVC-40 10.0 20.5

MW-16C PVC-40 28.0 38.5

MW-17A PVC-40 9.5 19.5

MW-17C PVC-40 24.4 34.4

MW-17D PVC-40 42.0 52.0

MW-18A PVC-40 11.5 21.5

MW-18C PVC-40 26.0 36.0

MW-iSO PVC-40 46.5 56.5

MW-19A PVC-40 6.5 16.5

MW-19C PVC-40 24.5 34.5

MW-19D PVC-40 41.5 51.5

MW-20A PVC-40 8.5 18.5

MW-20C PVC-40 24.5 34.5

MW-20D PVC-40 40.0 50.0

MW-21A PVC-40 10.0 20.0

E-l 23.0 38.3

E-2 22.0 32.0

PVC polyvinyl chloride

FGRP fiberglass reinforced plastic

6/11/01 s\wproc\025\093\dcjb3 Landau Associates

DFT 001105

CBI/ Personal Privacy Information



DEOPMENTAL

CENTER

9-101

PUMP

TREAT

SYS

TEA

EXTRACTION

SAMPLING

SUMMARY

--

Page

of

-Ii -1

Table

Mass

Removal

Rate

Summary

March

1994

to

September

2000

Boeing

Developmental

Center

DC

9-101

BuildIng

SWMU

20

Pump

and

Treat

Evaluation

Tukwila

Washington

-o CD -S -o -S C-

Year

1995

Extraction

Well

E-1

Year

1994

Extraction

Well

E-1

Total

GallonsRemoved

During

Year

Total

LitersRemoved

During

Year

II

28045081061621824AverageConcentration

of

Mass

of

ConstituentRemoved

During

Year

grams

Mass

of

ConstituentRemoved

During

Year

PoundsCumulative

Mass

RemovedPoundsPercentage

of

Total

Mass

Removedthrough

9/00

CumulativePercentage

of

Total

Mass

Removedthrough

9/00

GroundwaterExtracted

ug/L

Vinyl

Chloride103.021093.63

2.4

2.4

cis12Dichlooeene177.451883.86

4.2

4.2

TrihIcro.ethene

99.74

1058.88

2.3

23

7etrachloroethene179.001900.29

4.2
131

4.2
131

1633%

1633%

Thte1VtY3463865

Total

GallonsRemoved

Durino

Year

Total

LitersRemoved

During

Year

II

Vinyl

Chloridecis42-DichioroetheneTriclilorôthenØTetrachioroethene

Thaf

13112156.14

Year

1996

Extraction

Well

E-1

1/96-2196

E-2

7/96-12/96

Vinyl

Chloridecis-i2-Diohio.roethene.7richoroethefleTetrachloroethene

Toa1

AverageConcentration

of

Mass

of

Constituent

Mass

of

ConstituentCumulative

Mass

Percentage

of

Total

CumulativePercentageRemoved

During

Year

grams

Removed

Dunng

Year

PoundsRemovedPounds

Mass

Removed

of

Total

Mass

Removed1241.07

2.7

5.1

2616.97

5.8

99

1264.71

2.8

5.1

2433.93

5.4

9.6

167

297

2079%

37

12/o

94.65199.58 96.45

185.62

Total

GallonsRemoved

During

Year

Total

LitersRemoved

During

Year

II

319727812103014.51AverageConcentration

of

Mass

of

Constituent

Mass

of

ConstituentCumulative

Mass

Percentage

of

Total

CumulativePercentageRemoved

During

Year

grams

Removed

During

Year

PoundsRemovedPounds

Mass

Removed

of

Total

Mass

Removed859.77

1.9

7.0

1878.05

4.1

14.1

849.22

1.9

7.0

1600.48

3.5

13.1

11.4

41.2

14..27%

51.39%

71.04

155.17

70.17

132.24kflR.41

Pl

LandauAssociates



Table Page of

Estimated Change of Plume Area 100 ppb isopleth

Boeing Developmental Center

DC9-101 Building SWIV1IJ

Area of 100 ug/L Area of 100 ug/L

Groundwater Isopleth ft2 1989-1994 Isopleth tt2 1994-2000

Horizon Col 1989 1994 Percent Change 1994 2000 Percent Change

Vinyl Chloride 3131 NA 3131 161 -95%

cis-12- DCE 7766 5173 -33% 5173 -100%

TCE 4195 3864 -8% 3864 -100%

PCE 3767 3306 -12% 3306 -100%

Vinyl Chloride 2754 6078 121% 6078 -100%

cis-12- DCE 7968 1647 -79% 1647 -100%

TCE 1349 -100% NA

PCE 1976 -100% NA

See Figures through

6/11/2001 s\wproc\025\093\dc-evaLtb5.XIS Landau Associates

DFT 001107

CBI/ Personal Privacy Information



DE

OPMENTAL

CENTER

9-101

PUMP

EXTRACTION

SAMPLING

SUMMARY

TREAT

SYS

TElL

Page

of

-o CD -S -o -S C-

Year

1997

Extraction

Well

E-2

Total

GallonsRemoved

During

Year

Total

LitersRemoved

During

Year

693769226337730.79AverageConcentration

of

Mass

of

Constituent

Mass

of

ConstituentCumulative

Mass

Percentage

of

Total

CumulativePercentageRemoved

During

Year

grams

Removed

During

Year

PoundsRemovedPounds

Mass

Removed

of

Total

Mass

Removed1441.11

32

102

327971

21

965

28

2111.63

4.7

17.7

17.2

58.4

21

.45o

GroundwaterExtracted

ug/L

Vinyl

Chiorid

cis

.richlooetheneTrlchioroetheheTetrachforoethene

54.72

12453

3665 80.18

Year

1998

Extraction

Well

Total

GallonsRemoved

During

Year

Total

LitersRemoved

During

Year

724988827443813.03AverageConcentration

of

Mass

of

Constituent

Mass

of

ConstituentCumulative

Mass

Percentage

of

Total

CumulativePercentageRemoved

During

Year

grams

Removed

During

Year

PoundsRemovedPounds

Mass

Removed

of

Total

Mass

Removed115413

25

128

214027

47

260

576.43

1.3

10.4

1501.75

3.3

21

.1

118

702

14

78%

87

63%

E-21/98-7/98

12198

E-i

8/98-1

1/98

GroundwaterExtracted

ug/L

Vinyl

Chloride

4205

qt-1ZDIchloroer/rene

7799 21.00

Tetrachloroethene

54.72

TQ$JVO

Year

1999

Total

GallonsRemoved

During

Year

6441513Extraction

Well

Average

Concentration

of

E-1/99-3/99E-2

lv

99

roundwateExtracted

ugiL

Vinyl

Chloride30.56cis1DIchIoroethene

4193

Trichloroethejje

1364

Tetrachloroethene

37.05

Total

LitersRemoved

During

Year

24383780.61

Mass

of

Constituent

Mass

of

ConstituentCumulative

Mass

Percentage

of

Total

CumulativePercentageRemoved

During

Year

grams

Removed

During

Year

PoundsRemovedPounds

Mass

Removed

of

Total

Mass

Removedthrough

9/00

through

9/00

745.19

1.6

14.4

102246

23

283

33255

07

111

90366

2.0

23.0

66

768

826%

95

89%

TOV

Total

GallonsRemoved

During

Year

3782.562

Year

-2000Extraction

Well

E-2

1/00-9/00

Vinyl

Chloride

cis

12

ThchlorpetheheTetrachloroethene

ToI

Yi

Total

LitersRemoved

During

Year

14318555.59

II

AverageConcentration

of

Mass

of

ConstituentRemoved

During

Year

grams

48458 504.63

Mass

of

ConstituentRemoved

During

Year

Pounds

1.1 1.1

Cumulative

Mass

RemovedPounds

15.5
29.4

Percentage

of

Total

Mass

RemovedCumulativePercentage

of

Total

Mass

Removed

33.84 35.24
11.16

159.75

0.4

11.5

344.87

0.8

23.8

3.3

80.1

4.11%

100.03%611/01s\wprco\o25\09\dojb4fig

14

PoundsRemovedLnndnri

ifp
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Table

ContaminantReductionstlmates

Using

Linear

Regression

Analysis

Boeing

Developmental

Center

SWMU

20

PCE

Data

ActivePumpingInactivePumping

Well

ID

Reduction

Rate

1/year

Reduction

Rate

1/year

MW-6B

-0.0373-0.744

MW-8C

-0.3592-0.9189MW-gA-0.2835-0.6405

MW-gB

-0.4479-0.8307

MW-9C

NA

-1.2685

MW-bA

-0.2049-0.6791MW-14A-0.41220.3113

TJ

MW-14C-0.0837-1.4067MW-15A

NA

1.6094

MW-i

5C

-2.4696

Mean

-0.5373-0.4568Median-0.3592-0.7116

-o -S C-

TCE

Data

ActivePumpinginactivePumping

Well

ID

Reduction

Rate

1/year

Reduction

Rate

1/year

MW-63

0.0054-1.0086

MW-8C

0.2824-0.4544

MW-9A

-0.3138-0.1879

MW-9B

-0.3752-0.1638MW-9C-0.0012-1.4208

MW-bA

-0.2063-0.2798MW-14A-0.54490.7647MW-14C0.0223-1.2348MW-15A

NA

-0.3089MW-15C-0.3031

Mean

-0.1257-0.4597Median-0.0012-0.30606/11/01s\wproc\025\093\dc_tb6LandauAssociates
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Concentration Reduction Rate Evaluations

DFT 001110
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6/11/01 S\SHAREDOC\025\093\Data\Attenuation Data\VC Atten VC Charts and Regression Analy
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APPENDIX

Acceptance of Closure Certification Letter from

Washington State Department of Ecology
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STATE OF WASHINGTON

DEPARTMENT OF ECOLOGY
Northwest Regional Office 3190 160th Ave S.E Bellevue Washington 98008-5452 206 649-7000

September 1997

CERTIFIED MAIL
P115514037

Mr Andro Wipplinger

Supervisor Environmental Management

Boeing Defense and Space Group

P.O Box 3707

Seattle WA 98 124-2207

Dear Mr Wipplinger

Re Ecologys Acceptance of Certification for Final Facility Clean Closure of the

Boeing Developmental Center WAD 093639946

The Department of Ecology Hazardous Waste and Toxics Reduction Program Ecology
has received and reviewed the clean closure certification and the supporting

documentation for final facility closure of the Boeing Developmental Center Building 9-

50 9-60 and 9-69/70 Dangerous Waste Container Storage Areas CertIcation

Report Building 9-50 9-60 and 9-69/70 Container Storage Area dated April 1997 In

addition Ecology has previously received and reviewed the clean closure certification

and supporting documentation for the Building 9-101 above ground dangerous waste

storage tanks Ground Tank Closure Investigation Report Building 9-101 Boeing

Developmental Center dated June 17 1993 These reports were submitted as required

by WAC 173-303-4003 and by reference 40 CFR 265

The report is documentation that final facility closure of the dangerous waste container

storage areas and above ground storage tanks have been completed in accordance with the

specifications of the approved closure plans Closure Plan Container Storage Area

Buildings 9-50 9-60 9-69/9-70 Boeing Developmental Center April 1993 the Ecology
closure plan approval letter dated December 1993 and the Closure Plan Aboveground
Tank Closure Investigation Building 9-101 Boeing Developmental Center October 13
1992
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Mr Andro Wipplinger

September 1997

Page

Based on the data and information obtained in the above mentioned reports Ecology

accepts the final facility closure certification for the Boeing Developmental Center

dangerous waste container storage units located at Buildings 9-50 9-60 and 9-69/70 in

additionto the Building 9-101 dangerous waste above ground storage tanks The Boeing

Developmental Center has now satisfied the interim status requirements for closure of the

dangerous waste container storage areas and above ground tanks described above in

accordance with WAC 173-303-4003 by reference 40 CFR 265 As of the date of this

letter The Boeing Developmental Center may no longer store 90 days treat or

dispose of dangerous wastes on site However the facility will maintain interim status as

dangerous waste storage facility until all requirements of RCRA corrective action are

completed to the satisfaction of Ecology

The Boeing Developmental Center is released from the financial assurance requirements

for closure in accordance with WAC 173-303-4003 by reference 40 CFR 265.143h

Please do not hesitate to call Dean Yasuda at 425 649-7264 if you have any questions

Sincerely

Julie Sellick Supervisor

Hazardous Waste and Toxics Reduction Section

JASjbs

cc Dean Yasuda NWRO
Rob Kirkwood HWTR Financial Assurance Officer
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1.0 INTRODUCTION

This report evaluates current conditions at solid waste management units SWMUs SWMU-17

and SWIvIU-20 and at area of concern AOC AOC-05 located at The Boeing Company Boeing

Developmental Center BDC in Tukwila Washington Figure The BDC is Resource Conservation

and Recovery Act RCRA corrective action site with remedial activities conducted under the Washington

State Department of Ecology Ecology Voluntary Cleanup Program VCP Preparation of this report

was authorized under Work Order No ENV-G-O4DC-019

1.1 BACKGROUND

Under its RCRA corrective action authority the U.S Environmental Protection Agency EPA
conducted RCRA Facility Assessment RFA in 1994 and identified 157 SWMUs and AOCs at the

BDC SAIC 1994 Ecology approved exclusion of most SWMUs and AOCs from further investigation

based on the determination that they do not pose threat to human health or the environment The status

of each SWMU and AOC was documented in previous summary report Summary Report prepared by

Landau Associates Landau Associates 2002a

Following submittal of the Summary Report Landau Associates 2002a to Ecology only two

SWMIJs SWMU-17 and SWMU-20 and three AOCs AOC-01/02 AOC-03/04 and AOC-5 remained

subject to continued monitoring and evaluation Monitoring was subsequently discontinued at AOC
01/02 and AOC-03/04 in accordance with the Developmental Center Groundwater Monitoring Plan

Boeing 2001 following two consecutive
quarters and four consecutive quarters respectively during

which contaminants of concern were not detected Boeing 2002 2003 Based on these monitoring

results no further remedial action is required at AOC-01/02 and AOC-03/04

At SWMU-20 the pump and treat system was shut down December 14 2001 and semiannual

monitoring was perfonned through November 2003 to evaluate natural attenuation of volatile organic

compounds VOCs as remedial alternative to reach site clean-up concentrations At AOC-05 Oxygen

Release Compound ORC was injected during May 2002 to address gasoline-range petroleum

hydrocarbons TPH-G and benzene toluene ethylbenzene and xylenes BTEX present in groundwater

Subsequent to injection groundwater monitoring at AOC-05 was conducted monthly then quarterly then

seminannually through November 2003 At SWMU-17 remedial action has consisted of groundwater

monitoring only Figure shows the locations of SWMU-20 AOC-05 and SWMU-17

DFT 001158
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1.2 REPORT ORGANIZATION

Following this introductory section this report is divided into four main sections Section 2.0

presents
evaluation of groundwater monitoring results for SWMU- 17 AOC05 injection of ORC is

described and monitoring results are evaluated in Section 3.0 Section 4.0 presents evaluation of

monitoring results for SWMU-20 following shutdown of the pump and treat system in December 2001

preliminary indoor air evaluation for Buildings 9-101 and 9-90 located in partially in or near SWIvIU

20 is presented in Section 5.0 Conclusions are summarized in Section 6.0 appropriate use of the report

is described in Section 7.0 and references are listed in Section 8.0 work plan for additional remedial

action at SWMU-20 is presented in Appendix

DFT 001159
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20 SWMU-17

SWMU-17 is former 67-gal sump and associated 4000-gal steel underground storage tank

UST designated DC-05 located east of the Building 9-75 water tank Figure Waste oil generated

by hydraulic testing shops automotive maintenance shops and various other operations at the BDC was

poured into the sump and flowed into the UST Periodically the waste oil was pumped from the UST for

offsite treatment and disposal SAIC 1994 The sump and UST were installed in 1957 and removed in

late March or early April 1986 Landau Associates 1987

2i REMEDIAL ACTION

Minor amounts of hydrocarbons present in soil samples collected prior to and following UST

removal led to the installation of three monitoring wells BDC-05-1 BDC-05-2 and BDC-05-3 during

1986 Norton Conosion Limited Inc 1985 Landau Associates 1987 Four additional monitoring wells

BDC-05-2A BDC-05-4 BDC-05-5 and BDC-05-6 were installed in January 1987 and an additional

well BDC-05-7 was installed in March 1987 In December 1987 Ecology requested that additional

groundwater sampling be conducted Following one to two sampling events at each well for analysis of

volatile organic compounds VOCs and priority pollutant metals Ecology stated in August 1988 that no

further work was required at this SWMU and that monitoring wells could be abandoned Ecology 1988

Monitoring wells BDC-05-01 and BDC-05-06 were subsequently abandoned

From 1996 through 2003 groundwater samples from the five remaining wells BDC-05-2A

BDC-05-3 BDC-05-4 BDC-05-5 and BDC-05-7 were analyzed on an annual or semiannual basis for

VOCs total petroleum hydrocarbon TPH and metals Split samples collected in December 2001 were

sent to Analytical Resources Inc AR of Seattle Washington as well as to the Boeing laboratory used

for analysis of previous samples Metals concentrations in the ARI samples were significantly lower than

the concentrations reported by the Boeing laboratory indicating that the elevated concentrations of metals

in previous samples may have been inaccurate It was determined that samples submitted to the Boeing

laboratory in December 2001 and during previous sampling events had been collected in reused METRO

sample bottles that had not been acid washed by the laboratory and were therefore possible source of

metals contamination Groundwater samples have been submitted to ARI since December 2001

Detected concentrations of arsenic copper and tetrachioroethene PCE have exceeded the

preliminary screening levels Iii December 2001 Ecology asked for continued groundwater monitoring at

SWMU-17 to evaluate the possible need to pursue more active cleanup Ecology 2001

DFT 001160
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2.2 SAMPLING AND ANALYSIS

Following Ecologys request groundwater was sampled during four semiannual events during

2002 and 2003 for analysis of VOCs and total and dissolved metals During these four events arsenic

was analyzed by Method 200.8 ICP MS to obtain lower reporting limit for comparison to the

preliminary screening level Monitoring results through December 2001 were presented in the Summary

Report Landau Associates 2002a and subsequent monitoring results have been reported in four

semiannual groundwater reports Landau Associates 2002b 2002c 2003a 2003b

2.3 MONITORING RESULTS

This section discusses the semiannual results for total and dissolved arsenic total and dissolved

copper and PCE for 2002 and 2003 and compares results to preliminary screening levels established for

the BDC in the Summary Report Landau Associates 2002a The results for dissolved analysis of arsenic

and copper are most applicable for comparison to preliminary screening levels because dissolved results

are more representative of concentrations in groundwater given the potential for metals absorbed to

particulates in unfiltered samples to affect total metals results Data for this period are compared to

preliminary screening levels in Table and presented below

Dissolved Arsenic The only detection of dissolved arsenic during 2002 and 2003 occurred

at the reporting limit 0.001 mgIL at well BDC-05-4 in November 2003 Well BDC-05-4 is

located crossgradient of the former UST Figure Prior to 2002 previous analysis of

dissolved arsenic performed in December 2001 at each of the SWIvIU-17 wells resulted in

no detections

Dissolved Copper Dissolved copper was detected at upgradient well BDC-05-5 and well

BDC-05-7 near the former UST during 2002 and 2003 One or more detections during this

period exceeded the 0.0034 mgfL preliminary screening level Method marine surface

water at wells BDC-05-5 0.007 mgfL and BDC-05-7 0.004-0.005 mg/L but did not

exceed the preliminary screening level for fresh surface water These concentrations are

significantly lower than the maximum historical concentration of dissolved copper of 0.067

mg/L detected at well BDC-05-3 in December 2001 Dissolved copper concentrations for the

period of February 1988 to November 2003 are plotted on Figure

PCE PCE was detected at wells BDC-05-2 upgradient BDC-05-3 downgradient and

BDC-05-7 near former UST during 2002 and 2003 Detected concentrations exceeded the

tg/L Method fresh and marine surface water criteria preliminary screening level two or

more times at wells BDC-05-2 17 to 23 ig/L and BDC-05-7 12 to 20 pgIL These

concentrations are significantly lower than the maximum historical concentration of 79 tg/L

measured at well BDC-05-2 in February 1987 Since February 1988 PCE concentrations

above the preliminary screening level g/L have been measured only at wells BDC-05-2

and BDC-05-7 Since May 1987 PCE concentrations at wells BDC-05-2 and BDC-05-7

have varied above and below the preliminary screening level but have remained consistently

within the concentration range of about tgIL to about 20 ug/L PCE concentrations detected

DEl 001161
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in 2002 and 2003 at these two wells remain consistent with this trend Breajdown products

TCE and cis-12-DCE are present in SWMU-17 wells indicating the occurrence of reductive

dechlorination TCE and cis-l 2-DCE concentrations are below preliminary screening levels

Vinyl chloride has not been historically detected PCE concentrations for the period of July

1986 to November 2003 are plotted on Figure

2.4 CONCLUSIONS

Based on the recent SWMU-17 monitoring results we recommend discontinuing metals analysis

and continued semiannual monitoring for PCE Monitoring results for 2002 and 2003 are summarized

below

Dissolved arsenic was detected at only one well and this detection was at concentration well

below the preliminary screening level

Although dissolved copper was detected at low concentrations in wells BDC-05-5 and

BDC-05-7 located nearest the former UST it was not detected in the other three SWMU-17
wells located upgradient crossgradient and downgradient of the former UST Some of the

dissolved copper concentrations at wells BDC-05-5 and BDC-05-7 are above the preliminary

screening level for marine surface water but below the preliminary screening level for fresh

surface water other detections at these two wells have been below both preliminary screening

levels

PCB was detected at only two wells BDC-05-2 and BDC-05-7 at concentrations greater

than the preliminary screening levels detected concentrations at these two wells were

consistent with previous results since May 1987 Since May 1987 PCE concentrations at

wells BDC-05-2 and BDC-05-7 have varied above and below the preliminary screening level

but have remained consistently within the concentration range of about ig/L to about 20

tg1L The presence of TCE and cis-12-DCE Landau Associates 2002a 2002b 2002c

2003a 2003b indicates the occurrence of reductive dechlorination PCE concentrations

below the preliminary screening level or below detection limits at the other three SWMTJ-17

wells located upgradient crossgradient and downgradient of the former UST indicate PCE
contamination is localized The periodic low-level detections above the screening level at

wells BDC-05-2 and BDC-05-7 do not warrant more active cleanup but do indicate the need

for continued monitoring
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3.0 AOC-05

AOC-05 was 1000-gal unleaded gasoline steel UST identified as DC-01 and an associated

pump island that were located approximately 25 to 30 ft south of the southwest corner of Building 9-61

Figure The UST was removed in 1985 after it was punctured by measuring rod and approximately

830 gal of unleaded gasoline was released

3.1 REMEDIAL ACTION

During UST removal approximately 500 to 600 gallons of floating product were recovered and

additional gasoline was removed with excavated soil Boeing 2001 Between January and June 2001

groundwater was sampled from twelve soil borings and three remaining monitoring wells BDC-101

BDC-102 and BDC-103 in the vicinity of the former UST This groundwater analytical data IT 2001

indicated that residual gasoline-range petroleum hydrocarbons TPH-G and benzene were present at

concentrations in excess of preliminary screening levels established for the BDC in the Summary Report

Landau Associates 2002a Subsequently groundwater monitoring was performed at the three AOC-05

monitoring wells on quarterly then semianrna1 basis

November 2001 Ecology and Boeing agreed that ORC
injection and subsequent groundwater

monitoring would be performed in AOC-05 Baseline groundwater monitoring and ORC
injection were

performed in April and May 2002 in general accordance with the ORC
Injection Plan AOC-05 work

plan Landau Associates 2002d Subsequent to injection groundwater sampling was conducted monthly

then quarterly then seminannually through November 2003 Groundwater data is used to monitor

concentrations of TPH-G and benzene in groundwater and to evaluate the effectiveness of the ORC

injection

3.2 ORC INJECTION ACTIVITIES

ORC material was injected into the aquifer in the vicinity of the former UST to promote aerobic

biodegradation of petroleum hydrocarbons ORC is powdered magnesium peroxide distributed by

Regenesis Inc of San Clemente California that slowly releases oxygen to the aquifer when hydrated On

May and 2002 approximately 80 lbs of ORC were mixed with tap water and injected as slurry at

each injection location ORC-l through ORC-13 Direct-push drilling and ORC
injection was

performed by Cascade Drilling of Woodinville Washington The ORC slurry was injected through

direct-push probe rods over an interval from 10 to 20 ft below ground surface BGS depth to water

measurements at the three AOC-05 monitoring wells indicated groundwater was at approximately 12 ft
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BGS at the time of injection. Following ORC injection and groundwater sampling borings were

abandoned by backfihling with bentonite chips to the bottom of the pavement and constructing concrete

pavement patch

total of 1060 lbs of ORC were injected at 13 injection locations in the vicinity of the former

UST Figure Eight of the injection borings are located hydraulically downgradient of the former UST

one is immediately adjacent to the former UST and four are located hydraulically upgradient

Groundwater flow is westward in the vicinity of AOC-05

3.3 GROUNDWATER SAMPLING AND ANALYSIS

Groundwater samples were collected for measurement of field parameters and laboratory

analysis Samples were collected prior to ORC injection to establish baseline conditions and following

injection to monitor the effects of the ORC Field parameters consisting of dissolved oxygen DO
oxidation-reduction potential ORP conductivity and pH were measured at each location using flow

through cell and field meters Groundwater samples were submitted for laboratory analysis of TPH-G by

NWTPH-Gx and benzene toluene ethylbenzene and xylene BTEX by EPA Method 802 lB Samples

collected in November 2003 were also analyzed for redox parameters nitrate sulfate and methane by

EPA Methods 353.2 300 and 8015 modified respectively

Baseline groundwater monitoring was conducted at three existing wells BDC- 101 BDC- 102

and BDC-103 three temporary well points GS-1 GS-2 and GS-3 and the 13 ORC injection borings

ORC-1 through ORC-13 Baseline groundwater samples were collected from monitoring wells on April

29 2002 Baseline groundwater monitoring was performed at the temporary well points and injection

borings on May and 2002 at each injection boring the groundwater sample was collected

immediately prior to ORC injection Sample locations are shown on Figure Table presents baseline

field measurements and laboratory data for the temporary well points and injection borings Baseline data

for the three monitoring wells is presented in Table along with subsequent monitoring data

Post-injection groundwater monitoring was conducted monthly at the three monitoring wells in

June July and August 2002 then quarterly in December 2002 through June 2003 with the final sampling

conducted in November 2003 Table compares baseline field measurements and analytical results to

post-injection results Table presents the four quarters of data collected prior to baseline sampling for

additional comparison Laboratory reports for data presented in Tables and have been previously

submitted to Ecology and quarterly and semiannual groundwater monitoring at AOC-05 has been

reported in the Summary Report Landau Associates 2002a and in subsequent semiannual groundwater

reports Landau Associates 2002b 2002c 2003a 2003b
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3.4 MONITORING RESULTS

This section discusses the results of baseline and post-injection monitoring and compares these

results to four quarters of monitoring data collected prior to baseline sampling

3.4.1 BASELINE MONITORING

Baseline concentrations of TPH-G exceeded the preliminary screening level at eight of the

nineteen groundwater sample locations and benzene concentrations exceeded the preliminary screening

level at three of these locations Groundwater sampled from seven of the thirteen injection borings

ORC-4 ORC-6 ORC-7 ORC-9 ORC-10 ORC-1 and ORC-12 and from monitoring well BDC-103

exceeded the 0.8 mgIL preliminary screening level for TPH-G Four of these sample locations where

TPH-G concentrations exceeded the preliminary screening level are located hydraulically upgradient or

crossgradient of the former UST and pump island ORC-6 ORC-9 ORC-ll and ORC-l2 The

concentrations of detected TPH-G ranged from 0.27 to 230 mg with the maximum concentration

occurring at boring ORC-10 located adjacent to the former UST The 71 1agIL preliminary screening

level for benzene was exceeded at injection borings ORC-7 and ORC-10 and at monitoring well

BDC-103 Detected concentrations of benzene ranged from 2.6 to 28000 gIL with the maximum

detected concentration occurring at ORC-7 located slightly downgradient of the former UST and pump

island Baseline concentrations of TPH-G and benzene are presented on Figure The approximate

baseline extent of groundwater with TPH-G and benzene concentrations greater than preliminary

screening levels are also shown on Figure

number of the baseline samples also contained detectable concentrations of toluene

ethylbenzene and xylenes The detected concentrations of toluene 1.1 to 47000 g1L and ethylbenzene

1.3 to 5400 g1L were well below the respective preliminary screening levels of 200000 gIL and

29000 gfL There is no preliminary screening level established for xylenes total xylene concentrations

ranged from 2.1 to 28900 g1L

Baseline DO concentrations were generally less than mgfL and ORP was generally positive

indicating transitional aquifer redox conditions i.e aquifer conditions somewhere between aerobic and

anaerobic Three degrees of aquifer redox conditions are defined as follows Beil et al 2002

Aerobic DO mg/L ORP mV

Transitional DO mg/L ORP mV

Anaerobic and Reducing DO mgIL ORF mV
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Baseline DO concentrations were less than mgIL except at borings ORC-4 2.64 mgIL and ORC-8

3.37 mg/L and at monitoring well BDC-10l 1.70 mgIL Baseline ORP was consistently positive and

varied from 0.8 to 215 mV

3.4.2 PosT-INJEcTION MONITORING

No significant changes were observed in groundwater analytical concentrations or aquifer redox

conditions during the seven monitoring events that were conducted following ORC injection Post-

injection monitoring was conducted at the three monitoring wells for year and half between June 2002

and November 2003 Well BDC-103 is located in the release area near the fonner UST and wells BDC

101 and BDC-102 are located downgradient Figure Table compares the results of post-injection

monitoring to baseline monitoring data collected from monitoring wells in April 2002 For additional

comparison Table
presents the four quarters of monitoring well data collected prior to baseline

monitoring June 2001 and March 2002

3.4.2.1 Release Area Well BDC-103

At well BDC-103 located near the former UST post-injection monitoring results were as

follows

Following injection TPH-G concentrations varied from 180 to 270 mg/L These

concentrations show no significant change compared to the baseline concentration of 200

mgfL and concentrations that varied from 120 to 200 mg/L during the year prior to baseline

sampling and ORC
injection TPH-G concentrations in groundwater consistently exceeded

the 0.8 mgIL preliminary screening level

Following injection benzene concentrations varied from 780 to 4600 j.tgfL with

concentration of 850 .tgL measured during the last sampling event in November 2003

These concentrations show no significant change compared to the baseline concentration of

980 jtg/L and concentrations that varied from 494 to 5100 tgfL during the year prior to

baseline sampling and ORC
injection Benzene groundwater concentrations consistently

exceeded the 71 j.tg/L preliminary screening level

Concentrations of toluene ethylbenzene and xylenes were similar before and after ORC
injection Concentrations of toluene and ethylbenzene in groundwater were consistently

below preliminary screening levels preliminary screening level is not established for

xylenes

DO concentrations stayed below mg/L and ORP was generally positive during post-

injection monitoring DO concentrations ranged from 0.17 to 0.69 mg/L compared to the

0.21 mg/L baseline concentration ORP concentrations varied from 4.9 to 143.1 mY except

for negative readings in June 2002 -110.3 mY and November 2003 -74.6 mV The

baseline ORP reading was 44.2 mV
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Figure presents plot of TPH-G and benzene concentrations at well BDC-1 03 before and after ORC

injection Plots of DO concentrations and ORP readings for the three AOC-05 monitoring wells are

presented on Figures 10 and 11 respectively

3.4.2.2 Downgradient Wells BDC-1O1 and BDC-102

Post-injection monitoring results at downgradient wells BDC- 101 and BDC- 102 are as described

below November 2003 TPH-G and BTEX results for well BDC- 102 are inconsistent with previous

results November 2003 results for BDC-1 01 are also somewhat inconsistent These anomalous results

may be the result of laboratory error as reanalysis was required on all three SWMU- 17 samples due to

laboratory quality control and the results of reanalysis were significantly different for the BDC- 102

sample i.e TPH-G and BTEX not detected by reanalysis compared to the original results The results

of the original analyses that resulted in the highest concentrations for the BDC-10l and BDC-102 samples

are reported as estimated but the results are suspect and should be evaluated in light of future sampling

results

During the six post-injection sampling events prior to November 2003 TPH-G was only

detected once at well BDC-lOl 0.61 mg/L and twice at well BDç-102 0.25 and 0.26

mg/L Concentrations of 0.42 mg/L estimated and 0.99 mg/L estimated were reported in

November 2003 for wells BDC-l01 and BDC-102 respectively During baseline sampling

TPH-G was not detected at well BDC-10l and was detected at concentration 0.33 mgfL at

well BDC-102 At both wells baseline and post-injection concentrations were lower than

concentrations from the previous year which ranged from below detection limits to 6.5 mg/L
at well BDC-101 and from 0.38 to 1.6 mg/L at well BDC-102

During baseline and subsequent sampling benzene concentrations at BDC-101 and BDC-102

ranged from below detection limits to 4.4 pg/L with the exception of November 2003 results

In November 2003 concentrations of 13 mg/L estimated and 120 mg/L estimated were

reported for BDC- 101 and BDC- 102 respectively With the exception of November 2003

results baseline and subsequent concentrations are well below the preliminary screening

level of 71 gfL and are lower than benzene concentrations measured during the prior year
which ranged from 1.4 to 95 jtg/L atBDC-101 and from 1.3 to 5.33 tg/L at BDC-102

With the exception of the ethylbenzene concentration reported for BDC- 102 in November

2003 the concentrations of toluene ethylbenzene and xylenes corresponding to baseline and

post-injection sampling were as low or lower than concentrations detected during the

previous year Groundwater concentrations of toluene and ethylbenzene have consistently

been below preliminary screening levels there is no preliminary screening level established

for xylenes

DO concentrations occasionally exceeded mgfL at well BDC-101 but not at well BDC-102

and ORP was generally positive at both wells DO concentrations ranged from 0.35 to

1.89 mg/L at BDC-101 compared to the 1.70 mgfL baseline concentration DO
concentrations at BDC- 102 ranged from 0.24 to 1.0 mgIL compared to baseline

concentration of 0.33 mgfL ORP measurements at the two wells varied from 19.6 to
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234.1 mY except for two negative readings at BDC-102 in June 2002 -127.2 mV and

November 2003 -122.2 Baseline ORP readings were 215.3 and 113.5 mY at BDC-101 and

BDC-1 02 respectively

With the exception of November 2003 results data shows general decreasing trends in TPH-G and BTEX

concentrations at wells BDC-101 and BDC-102 Decreasing trends do not appear attributable to the

ORC injection as decreasing concentrations were observed prior to baseline sampling and injection

Additionally consistently low DO and ORP levels indicate that aquifer conditions were not enhanced for

aerobic degradation Figures 12 and 13 present plots of TPH-G and benzene concentrations for wells

BDC-101 and BDC-102 respectively DO concentration and ORP plots for all three monitoring wells are

presented on Figures 10 and 11 respectively

3.5 CONCLUSIONS

Monitoring results indicate that ORC was ineffective in changing aquifer redox conditions or in

significantly decreasing concentrations of TPH-G or benzene However generally decreasing

downgradient concentrations indicate the plume is not spreading and may be shrinking

Even at well BDC-1 03 located just 2.5 ft from boring ORC- 10 where 20 pounds of ORC were

injected no effects of the injection were observed It appears that released oxygen was quickly consumed

by background aquifer demand consisting of organic carbon and/or reduced metals and that little to no

oxygen remained to facilitate aerobic degradation of petroleum hydrocarbons Although total organic

carbon TOC data has not been collected for AOC-05 soil or groundwater TOC results for five soil

samples collected previously at SWIVftJ-20 indicate elevated concentrations of naturally occurring organic

carbon are present in site soil The SWMU-20 soil samples were collected from depths ranging from 20

to 37.5 ft at wells 14E 17D 18D 18C and 20D and contained 247 mg/kg to 1456 mg/kg of TOC

Landau Associates 1992 With the exception of well 4E these wells are located crossgradient of the

former SWMU-20 degreaser and TOC concentrations are unlikely to be the result of an organic carbon

release e.g TPH from the degreaser

In spite of no observable effects of the ORC
injection baseline and post-injection monitoring

results at downgradient wells BDC-1 01 and BDC- 102 show general decrease in TPH-G and benzene

concentrations compared to monitoring results from the previous year with the exception of November

2003 data Although injected ORC was ineffective at reducing concentrations at the release area

BDC-l 03 and decreasing concentrations at the downgradient wells do not appear to be attributable to

ORC
injection decreasing downgradient concentrations indicate the plume is not spreading and may be

shrinking
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Based on downgradient results that indicate the plume is stable or shrinking we recommend

continued semiannual monitoring at wells BDC-101 BDC-102 and BDC-103 to monitor the

effectiveness of natural attenuation processes in containing and potentially shrinking the plume

Following four consecutive semiannual monitoring events with results below preliminary screening levels

at downgradient wells BDC-1O1 and BDC-102 we recommend that monitoring be discontinued and that

institutional controls be applied to address worker safety and management of AOC-05 groundwater

during any excavation activities within the plume
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4.0 SWMU-20

SW1vRJ-20 was vapor degreaser located in the northwest corner of Building 9-101 Figure

PCE and TCE were reportedly used during operation of the degreaser from about 1956 to 1984 In 1984

the vapor degreaser associated piping and other equipment were removed and all openings through the

walls and floor were plugged The concrete-lined degreaser pit and sumps were then backfilled with

compacted sand backfill material and capped with 10-inch thick concrete slab Landau Associates

1990 During subsequent soil excavation near the backfihled degreaser pit groundwater was observed at

depth of to 29 inches above the concrete flOor of the degreaser pit

4.1 REMEDIAL ACTION

Remedial action beginning in 1989 has included removal of contaminated soil soil and

groundwater sampling monitoring well installation and subsequent monitoring and operation of

groundwater pump and treat system Investigations confirmed the presence of PCE TCE and breakdown

products in groundwater and the solvent release was interpreted to be from the former degreaser pit

SAIC 1994 Benzene and napthalene were also frequently detected in SWMU-20 groundwater samples

The location of SWMU-20 including the former vapor degreaser pit monitoring wells and extraction

wells are shown on Figure 14 Remedial action at SWMU-20 is summarized below more detailed

discussion is contained in Landau Associates 2002a

In 1989 approximately 1400 tons of soil contaminated with PCE and TCE were removed

from the area of the former degreaser pit and sumps during structural upgrade of Building

9-101 Soil and/or water samples were collected before and during excavation for analysis of

VOCs SVOCs metals and cyanide

During Phase II investigation performed in August 1989 65 soil samples were collected

from borings and 24 monitoring wells were installed in the vicinity of the former degreaser

pit/sump area Investigation soil samples were analyzed for VOCs SVOCs TPH and

polychlorinated biphenyls PCBs groundwater samples were analyzed for VOCs and TPH

Phase III investigation was completed in February 1991 which included additional soil

sampling and installation of 13 monitoring wells Soil samples were analyzed for VOCs

Groundwater samples from the 24 existing monitoring wells and 13 new monitoring wells

were analyzed for VOCs

During the fall of 1993 groundwater treatment system was installed to remove chlorinated

VOCs from groundwater and prevent migration of contaminants The treatment system

consists of two extraction wells E-1 and E-2 and sieve tray aerating treatment system

Well E-1 was installed first and operated as the sole extraction well from March 1994 to

December 13 1995 Following installation of second groundwater extraction well B-2 in

July 1996 groundwater was extracted alternately from the two wells with E-2 operated most
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of the time The groundwater treatment system processed approximately 25000 gal per day
of treated water which was discharged to National Pollution Discharge Elimination System
NPDES permitted stonnwater outfall The treatment system was shutdown December 14
2001 to allow the groundwater to equilibrate and to evaluate natural attenuation as remedial

alternative to reach site clean-up concentrations

4.2 MONITORING WELL CONSTRUCTION

Groundwater monitoring wells installed at SWMU-20 and throughout the site have been

constructed to allow evaluation of discrete intervals or horizons within the aquifer system beneath the

site horizons and Monitoring wells have been screened as follows

Horizon Wells screen depths ranging from 6.5 to 21.5 ft BUS

Horizon Wells screen depths ranging from 22.0 to 27.5 ft BGS

Horizon Wells screen depths ranging from 23.5 to 40.5 ft BGS

Horizon Wells screen depths ranging from 40.0 to 56.0 ft BGS

Horizon Wells screen depths ranging from 77.0 to 82.0 ft BGS

The and Horizon wells are intended to monitor three distinct layers of groundwater located in the

shallow unconfined aquifer The Horizon wells are intended to evaluate the semi-confined layer of

groundwater present beneath discontinuous silt aquitard present beneath the unconfined aquifer The

Horizon well MW-14E is intended to monitor the water quality in the fully confined aquifer located

below massive marine silt deposit The distinction of these horizons has been useful in developing the

conceptual groundwater model for the site and important for both the investigation and remediation of

SWMU-20

4.3 SAMPLING AND ANALYSIS

Most of the 35 monitoring wells located SWMU-20 have been sampled at least semiannually

since January 1994 for VOC analysis with most wells sampled quarterly in 1996 and 1997 Monitoring

results through December 2001 were presented in the Summary Report Landau Associates 2002a and

subsequent monitoring results have been reported in four semiannual groundwater reports Landau

Associates 2002b 2002c 2003a 2003b
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4.4 MONITORING RESULTS

PCE TCE dichioroethene DCE VC benzene and naphthalene have been frequently detected

in SWMU-20 since the startup of the groundwater treatment system during the Fall of 1993 summary

of monitoring results from January 1994 through November 2003 is outlined below

Naphthalene All detected naphthalene concentrations have been below the preliminary

screening level of 4940 igIL

Bcnzene Benzene concentrations were initially below the 71 ig1L preliminary screening

level at all wells at SWrVIU-20 and then increased at several wells to maximum

concentration of 230 jiglL measured at well MW-06C in October 1995 Benzene

concentrations then dropped below the screening level at all wells by February 1997

Concentrations remained below the preliminary screening levels between February 1997 and

December 2001 when the groundwater treatment system was shutdown Since the system

shutdown concentrations have not rebounded and remain below the preliminary screening

levels Initial increases in concentrations of benzene and the other contaminants discussed

below are likely the result of desorption and contaminant mobilization caused by aquifer

disturbance at the start of pumping Benzene concentrations are presented in Table and

plotted
for select wells on Figure 15

PCE PCE was initially detected at 14 wells at concentrations greater than the tgIL

preliminary screening level with the highest concentrations of 420 pgIL and 820 tg/L

detected at MW-9A and MW-9B respectively During pumping PCE concentrations

increased at four wells to maximum concentration of 2568 rg/L at well MW-9A in May

1995 At the time of the system shutdown in December 2001 PCE was detected in only five

wells and exceeded the preliminary screening level only at wells MW-9A 16 pg/L and 1OA

11 jig/L Since the system shutdown PCE concentrations have rebounded above the

preliminary screening level at wells MW-9A 1000 igfL MW-9B 250 igfL and MW-bA

58 ig1L These three wells are located in the immediate vicinity of the former degreaser

PCE concentrations are presented in Table and plotted for select wells on Figure 16

TCE TCE was initially detected at four wells at concentrations greater than the 81 tg
preliminary screening level with the highest concentrations detected at wells MW-9A

500 igIL and MW-14A 600 tg1L During pumping TCE concentrations increased at six

wells to maximum concentration of 2318 tg/L at well MW-9A in February 1996 At the

time of system shutdown in December 2001 TCE was detected in only five wells and all

concentrations were below the preliminary screening level Since the system shutdown TCE

concentrations have rebounded above the preliminary screening at wells MW-9A 1500

igIL and MW-9B 370 ig/L These wells are located in the immediate vicinity of the

former degreaser TCE concentrations are presented in Table and plotted for select wells

on Figure 17

Cis-12-DCE Cis-1 2-DCE was initially detected at four wells at concentrations greater
than

500 igfL No preliminary screening level is established for cis-12-DCE and the practical

quantitation
limit PQL is pg1L The highest initial concentration was 2500 ig1L at well

MW-9A During pumping cis-12-DCB concentrations increased at four wells to

maximum concentration of 7484 jtg/L detected at well MW-9A in February 1996 At the

time of system shutdown in December 2001 the maximum detected concentration of cis1 2-

DCE was 100 tgfL measured at wells MW-9A and MW-9B and detectable concentrations at
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ten other wells ranged from 1.1 to 36 tgIL Since the system shutdown cis-l2-DCE
concentrations have rebounded above 500 jig/L at wells MW-9A 2300 1L and MW-9B
850 ig/L These wells are located in the immediate vicinity of the fonner degreaser

Cis-1 2-DCE concentrations are presented in Table and plotted for select wells on

Figure 18

Vinyl chloride Vinyl Chloride was initially detected at concentrations greater than the 525

pg/L preliminary screening level at well MW-13C only 760 pgIL During pumping vinyl

chloride concentrations increased at five wells to maximum concentration of 1587 tg/L
measured at well IV October 1995 MW-14 is located downgradient of the former

degreaser At the time of system shutdown in December 2001 vinyl chloride was detected in

only seven wells and all concentrations were below the preliminary screening level Since

the system shutdown vinyl chloride concentrations remain below the preliminary screening
level at all at wells with the highest concentration detected at well MW-14A located

approximately 50 ft downgradient of the former degreaser Vinyl chloride concentrations are

presented in Table and plotted for select wells on Figure 19

Evaluation of groundwater data collected prior to and during operation of the groundwater

treatment system indicated that the rate of concentration reduction was at least as great for most of the

constituents of concern under non-pumping conditions as it was under pumping conditions In fact the

rates of concentration reduction for PCE and TCE were significantly greater under non-pumping

conditions The rates of concentration reduction for cis-l 2-DCE were the same under pumping and non-

pumping conditions Only vinyl chloride exhibited greater rate of concentration reduction under

pumping conditions Landau Associates 2002a-Appendix

Over time the highest concentrations of PCE TCE DCE have been observed in the Horizon

near the former degreaser pit MW-9A with the second highest concentrations observed in the same

location in the Horizon IvIW-9B Concentrations of these compounds decrease in the downgradient

direction from monitoring well MW-9A and generally show decreasing trend with depth Although

some of the highest concentrations of vinyl chloride have been observed at wells MW-9A and MW-9B

near the former degreaser concentrations have also been occasionally high at downgradient wells MW
14A and MW-14C Near the former degreaser vinyl chloride concentrations have typically been higher

in the Horizon MW-9A than in the Horizon MW-9B Farther downgradient vinyl chloride

concentrations were initially higher in horizon well MW-14C than in Horizon well MW-14A no

Horizon wells were constructed at this location Beginning in October 1998 higher vinyl chloride

concentrations were typically observed at well MW-14A than in MW-14B and this trend continued

following the shut down of the groundwater treatment system Chlorinated hydrocarbons have not been

detected in Horizon well MW-14E since August 1997 earlier detections of cis-12-DCE and vinyl

chloride at MW-l4E were all less than 10 jigJL well below the preliminary screening levels
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4.5 CONCLUSIONS

We recommend enhanced reductive dechlorination through electron donor amendment to address

the rebound in VOC concentrations observed following pump and treat system shutdown This in situ

approach is based on previous evaluation indicating that the rate of concentration reduction was at least as

great for most constituents of concern under non-pumping conditions as it was under pumping conditions

Landau Associates 2002a-Appendix Additionally the limited number of monitoring wells showing

significant rebound in concentrations years
after pumping was discontinued does not indicate pumping

is needed to hydraulically contain the plume As indicated in WAC 173-340-360 remedial methods that

destroy or reduce the toxicity of hazardous substances such as enhanced reductive dechlorination are

preferred over methods that transfer contaminants from one medium to another i.e groundwater

treatment system transfer from groundwater to air The details of proposed donor injection and

monitoring are contained in work plan presented in Appendix
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5.0 INDOOR AIR EVALUATIONS

This section describes the indoor air evaluations performed to estimate potential human health

risks associated with exposure to indoor air in Buildings 9-90 and 9-101 due to impacts by VOCs in the

underlying shallow groundwater This evaluation is performed because Buildings 9-90 and 9-101 are

located in areas that are expected to have reasonable likelihood of being impacted by contaminated

groundwater associated with SWMU-20

5.1 APPROACH

SWMU-20 is located near the northwest corner of Building 9-101 the building area underlain by

SWMU-20 constitutes approximately 0.5 percent of the total building area Figure 14 Two evaluations

were performed for Building 9-101 For an initial conservative evaluation SWMU-20 groundwater data

for shallow Horizon wells was assumed to be representative of groundwater quality conditions beneath

the entire footprint
of Building 9-101 This assumption is expected to be very conservative as SWMU

20 is located on the hydraulic downgradient west end of the building structure Although no

groundwater sampling data is available for the Building 9-101 footprint outside of SWMU-20 there are

no known or suspected sources of VOCs beneath the building Except for the 0.5 percent of the Building

9-101 footprint occupied by SWMIJ-20 groundwater beneath building 9-101 is not expected to be

impacted by VOCs more realistic evaluation of potential impacts to Building 9-101 indoor air was

also performed assuming that VOCs are not detected in groundwater beneath 99.5 percent of the building

footprint

Building 9-90 is located hydraulically downgradient of SWMU-20 and vinyl chloride is the only

VOC detected in groundwater monitoring wells located immediately upgradient Based on this data

vinyl chloride is considered the only VOC with the potential to impact indoor air in Building 9-90 It is

conservatively assumed that vinyl chloride concentrations beneath Building 9-90 are the same as those

observed in the Horizon SWMU-20 monitoring wells The data set used for evaluation of indoor air at

Buildings 9-101 and 9-90 is described in more detail in Section 5.2

The indoor air evaluation performed for Buildings 9-90 and 9-101 follows EPA guidance for

human health risk assessment and indoor air evaluation EPA 1989 2000 2003 conceptual site

model data evaluation methodology and the Johnson-Ettinger vapor intrusion modeling process are

described below
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5.2 CONCEPTUAL SITE MODEL

The conceptual site model described in this section applies only to the process by which

contaminants in SWMU-20 groundwater could impact indoor air Shallow Horizon groundwater

encountered between approximately 10 and 21.5 ft BGS contains VOCs that could potentially volatilize

and migrate through void
spaces in the unsaturated zone toward the ground surface by diffusion

processes The unsaturated zone at SWMU-20 generally consists of silt sand and mixtures thereof

Landau Associates 2002a Once within the buildings zone of influence migration of volatilized

contaminants into the buildings indoor air through cracks in the floor slab is controlled by convection

processes

Buildings 9-90 and 9-101 are used for confidential purposes Building 9-90 used primarily for

office space has length of 390 ft width of 175 ft and an average height of 28 ft Building 9-101 used

primarily for test or development manufacturing has length of 950 ft width of 750 ft and an average

height of 51 ft If present contaminants in indoor air could be inhaled by employees working in

Buildings 9-90 and 9-10 For the purpose of this evaluation it was assumed that an adult occupational

receptor could be exposed to indoor air for an employment duration of 30 years with work schedule of

250 days per year

5.3 DATA EVALUATION

Groundwater samples have been collected from number of monitoring wells since 1989 to

characterize groundwater quality in and around SWMU-20 For the purposes of the indoor air evaluation

data from the two most recent sampling events for Horizon shallow groundwater monitoring wells were

considered to be representative of average groundwater conditions likely to impact indoor air in Buildings

9-90 and 9-101 This data set of two groundwater samples at each of 13 wells is presented in Table 10

VOCs included in the evaluation for Building 9-101 include tetrachioroethylene PCB trichioroethylene

TCE cis- 2-dichloroethylene cis-1 2-DCE vinyl chloride and naphthalene These are the five VOCs

that were detected in at least percent of the samples VOCs detected in less than percent of the

samples were considered to have de minimus effect on potential human health impacts As described

in Section 5.1 vinyl chloride was the only VOC evaluated for Building 9-90

The 95 percent upper confidence limit UCL95 of the arithmetic mean of the SWMU-20 Zone

groundwater samples was calculated as an estimate of the upper bounds average groundwater

concentration that could contribute to indoOr air impacts Table 10 The calculations presented in Table

10
represent the very conservative assumption that VOC concentrations within the data set of 13

Horizon wells
represent concentrations beneath the entire footprints of Buildings 9-101 and 9-90
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.1 The simulated UCL95 representing the more realistic assumption that groundwater beneath

Building 9-101 but outside the footprint of SWMU-20 has not been impacted by VOCs is calculated in

Table 11 This simulated UCL95 was calculated by incorporating an additional 5174 theoretical data

points equivalent to 99.5 percent of the total building data set if the original 26 samples characterize the

0.5 percent area of SWM beneath Building 9-101 at the most frequently achieved laboratory

reporting limit for each VOC tgfL for PCE TCE cis-l2-DCE and vinyl chloride jtg/L for

naphthalene

5.4 JOHNSON-ETTINGER MODELING

EPA recommends the use of the Johnson-Ettinger model for the prediction of indoor air

concentrations based on measured groundwater concentrations EPA 2003 Version 3.0 of the Johnson

Ettinger advanced model released in February 2003 and available for free download on EPAs risk

assessment web site http//www.epa.gov/superfundlprograms/risklairmodelliohnson_ettinger.htm was

used to model potential migration of VOCs from shallow groundwater to indoor air and human health

impacts associated with the inhalation of impacted indoor air

Site-specific information regarding the type of soil present between shallow groundwater and

ground surface building dimensions and average chemical concentrations in groundwater Sections 5.2

and 5.3 were used in the advanced Johnson-Ettinger model to predict carcinogenic and noncarcinogenic

health risks to human receptors exposed to indoor air on regular occupational basis Version 3.0 of the

Johnson-Ettinger model incorporates toxicity data for each of the chemicals evaluated in this modeling

exercise current as of February 2003 This model does include the provisional toxicity values for TCE

that were identified by EPA in 2002 Input parameters and output files from the Johnson-Ettinger are

presented in Appendix

As defined by MTCA the acceptable level of excess cancer risk for carcinogenic effects is

1x106 for exposure to individual contaminants individual excess cancer risk and lxlff5 for exposure to

multiple contaminants total excess cancer risk MTCA also defines the acceptable hazard quotient for

none arcinogenic effects and hazard index sum of the individual hazard quotients as

5.5 EVALUATION RESULTS

This section describes results for two evaluations performed for Building 9-101 and for single

evaluation performed at Building 9-90 Results of the conservative evaluation and the more realistic

evaluation performed for Building 9-101 are described in Section 5.5.1 Results of the conservative

evaluation performed for Building 9-90 are described in Section 5.5.2
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5.5.1 BUILDING 9-101

The excess cancer risk and hazard quotient for the conservative assumption that all of the

groundwater beneath Building 9-101 has been impacted to the same extent as the groundwater at the

SWMU-20 Horizon wells are presented in Table 10 As shown in Table 10 the total excess cancer risk

value 5x10 the maximum hazard quotient 7x103 for cis-12-DCE and the hazard index 1x102

associated with inhalation of VOCs in Building 9-101s indoor air are all less than the regulatory criteria

However the maximum estimated individual excess cancer risk value 4x106 for TCE exceeds the

regulatory criterion by factor of for this conservative evaluation

Evaluation of the more realistic scenario i.e groundwater beneath Building 9-101 but outside

the footprint of SWMU-20 has not been impacted by VOCs results in maximum estimated individual

excess cancer risk value of 3x108 for TCE which is less than the regulatory criterion The total excess

cancer risk value 4x108 the maximum hazard quotient 3x105 for vinyl chloride and the hazard index

1x104 are also less than regulatory criteria for this evaluation The excess cancer risks hazard quotient

and hazard index for this more realistic evaluation are presented in Table 11

Although the conservative evaluation shows potential for human health risk concern the more

realistic simulation demonstrates that the risk associated with inhalation of indoor air at Building 9-10 is

below acceptable levels

5.5.2 BUILDING 9-90

The estimated excess cancer risk value lxlff6 and the hazard quotient 4x1ff3 for the

conservative evaluation of vinyl chloride in Building 9-90s indoor air are less than or equal to the

regulatory criteria In other words the evaluation indicates that the risk associated with inhalation of

indoor air at Building 9-90 is below acceptable levels

5.6 CONCLUSIONS

Based on these evaluations potential impacts to indoor air in Buildings 9-90 and 9-101 associated

with contaminated groundwater at SWMU-20 are not expected to result in unacceptable health risks As

described in Section 5.2 these results are specific to the building configurations of Buildings 9-101 and

9-90 Therefore if future development plans involve the construction of additional buildings in the

vicinity of SWMU-20 supplemental indoor air evaluation to consider potential impacts for the specific

building configuration should be performed to confirm protection of human health
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6.0 SUMMARY OF CONCLUSIONS

This section summarizes the conclusions presented in the previous four sections

SWMU-17 Continued Monitoring for PCE Based on the monitoring results for 2002 and

2003 we recommend no further action for dissolved arsenic and copper i.e discontinuing

total and dissolved metals analysis and continued semiannual monitoring for PCE

AOC-5 Continued Monitoring We recommend monitored natural attenuation approach

with continued semiannual monitoring at wells BDC-10l BDC-102 and BDC-103

Following four consecutive monitoring events with results below preliminary screening

levels at downgradient wells BDC-l0l and BDC-102 we recommend that monitoring be

discontinued and institutional controls applied to address worker safety and management of

AOC-05 groundwater during any excavation activities within the plume

SWMU-20 Active Remediation We recommend injection of electron donor to enhance

naturally occurring reductive dechlorination that has been documented at SWMU-20
Previous evaluation of groundwater data from before and during pumping indicated that the

rate of concentration reduction was at least as great for most of the constituents of concern

under non-pumping conditions as it was under pumping conditions In fact the rates of

concentration reduction for PCE and TCE were significantly greater under non-pumping

conditions The rates of concentration reduction for cis- 2-DCE were the same under

pumping and non-pumping conditions Oniy vinyl chloride exhibited greater rate of

concentration reduction under pumping conditions Additionally the limited number of

monitoring wells showing rebound in concentrations years after pumping was discontinued

does not indicate need for pumping to hydraulically contain the plume As indicated in

WAC 173-340-360 remedial methods that destroy or reduce the toxicity of hazardous

substances such as enhanced reductive dechlorination are preferred over methods that

transfer contaminants from one medium to another i.e pump and treat system transfer from

groundwater to air The details of proposed donor injection and monitoring are contained in

work plan presented in Appendix

SWMU-20 Indoor Air Evaluation Potential impacts to indoor air in Buildings 9-90 and

9-10 associated with contaminated groundwater at SWMU-20 are not expected to result in

unacceptable health risks These results are specific to the building configurations of

Buildings 9-101 and 9-90 Therefore if future development plans involve the construction of

additional buildings in the vicinity of SWMIJ-20 supplemental indoor air evaluation to

consider potential impacts for the specific building configuration should be performed to

confirm protection of human health
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7.0 USE OF REPORT

This evaluation report has been prepared for the exclusive use of The Boeing Company for

specific application to the Boeing Developmental Center No other party is entitled to rely on the

information conclusions and recommendations included in this document without the express written

consent of Landau Associates Further the reuse of information conclusions and recommendations

provided herein for extensions of the project or for any other project without review and authorization by

Landau Associates shall be at the users sole risk Landau Associates warrants that within the limitations

of scope schedule and budget our services have been provided in manner consistent with that level of

care and skill ordinarily exercised by members of the profession currently practicing in the same locality

under similar conditions as this project We make no other warranty either
express or implied

This document has been prepared under the supervision and direction of the following key staff

LANDAU ASSOCIATES INC

Clinton Jaco P.E

Senior Project Engineer

CU/tam
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DFT 001181

3110104 EDMDATAlWPROC\025093040lDC EVAL RPT.ooc 8-1 LANDAU AssoclAits

CBI/ Personal Privacy Information



Landau Associates 2002c Developmental Center Groundwater Monitoring December 2003 December

19

Landau Associates 2002d Work Plan ORG Injection Plan AOG-05 Boeing Developmental Center

Tukwila Washington April 30

Landau Associates 1992 Phase Ill-Bldg 9-101

Landau Associates 1990 Summary of Soil and Ground Water Quality Building 9-101 Structural

Improvements Boeing Developmental Center Tukwila Washington November 12 1990

Landau Associates 1987 Report on Soil and Groundwater Contamination Tank DC-05 Boeing

Developmental Center Facility King County Washington June 1987

Norton Corrosion Limited Inc 1985 Underground Tank PrioritizationlSite Testing Contract No
BECA HWM 85-01 November 1985

SAIC 1994 RCRA Facility Assessment Report for Boeing Developmental Center Tukwila Washington

EPA I.D No WAD 09363 9946 and Boeing Military Flight Center Seattle Washington EPA I.D No
WAD 98847 5943 Prepared for U.S Environmental Protection Agency Seattle WA Prepared by

Science Applications International Corporation Bothell WA September

DFT 001182

3110104 EvAI RPT.DOC 8-2 LANDAU ASSOCIATES
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Washington Developmental Center
972 East Marginal Way South Seatlle WA 98108

Not To Scale
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ASSOCIATES

Boeing Developmental Center

Tukwila Washington
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Map provided by Boeing March 2000
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TABLE Page of

SWMU-17 SUMMARY OF MONITORING WELLS

Method Preliminary Method Preliminary

Screening Level Screening Level

Marine Surface Water Fresh Surface Water Jun-02 Dec-02 Jun-03 Nov-03

TOTAL ARSENIC mgIL 0.005 0.005

BDC-05-2 0.05 0.05 0.001 0.001

BDC-05-3 0.05 0.05 0.004 0.001

BDC-05-4 005 0.05 0.0111 0.0181

BDC-05-5 0.05 0.05 0.002 0.001

BDC-05-7 0.05 0.05 0.002 0.001

DISSOLVED ARSENIC mg/L 0.005 0.005

BDC.05-2 0.05 0.05 0.001 0.001

600-05-3 0.05 0.05 0.001 0.001

SDC-05-4 0.05 0.05 0.001 0.001

BDC-05-5 0.05 0.05 0.001 0.001

BDC-05-7 0.05 0.05 0.001 0.001

TOTAL COPPER mgIL 0.0034 0.0089

BDC-05-2 0.002 0.002 0.002 0.002

BDO-05-3 0.002 0.003 0.0041 0.002

BDC-05-4 0.002 0.002 0.002 0.002

BDC 05 0003 004 0004 003

BDC-05-7
0.0041 0.007 0.008 0.0111

DISSOLVED COPPER mgIL 0.0034 0.0089

BDC-05-2 0.002 0.002 0.002 0.002

BDC-05-3 0.002 0.002 0.002 0.002

BDC-05-4 0.002 0.002 0.002 0.002

BDC-05-5 0.002 0.002 0.007 0.002

BDC-05-7 0.003 0.0041 0.004 0.0051

TETRACHLOROETHENE pgL

BDC-05-2
231 4.7 171 6.5

BDC-05-3 4.1 4.4 3.3 4.5

BDC-05-4 1.0 1.0 1.0 1.0

BDC-05-5 1.0 1.0 1.0 1.0

BDC-05-7
131 121 151 201

Hardness dependent hardness assumed to be 75.4 mg/L
Indicates compound was analyzed for but was riot detected at the reported sample detection limit

Box Indicates exceedance of screening level

DFT 001202

31812004 \\Edmdata\wproc\025\093\040\OC Eval Rpt_Tb Summary Landau Associates
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TABLE

AOC-05

BASELINE

GROUNDWATER

DATA

TEMPORARYWELLPOINTS

AND

INJECTION

BORINGS

Page

of

-o CD -S -o -S

Preliminary

Cleanup

Levels

GS1-15

E166H

5/612002

GS2-15

E166P

517/2002

GS3-15
El660

5/7/2002ORC1-15

E166A

5/6/2002ORC2-15

E166B

5/6/2002ORC3-15

E166L

517120020RC415

EI66C

5/6/2002

0RC515

EI66D

5/6/2002

Total

PetroleumHydrocarbons

mgIL
Gasoline

0.8

0.25

0.25

0.25

0.25

0.27

0.25

1.11

0.25

BTEX

pg/L

Benzene

71

6.5

5.5

Toluene

200000

Ethylbenzene

29000

1.3

mp-Xylene

NA

13

2.2

o-Xylene

NA

1U

1U

1U

1U

IU

1U

1U

1U

Total

Xylenes

NA

14

3.2

Field

ParametersDissolved

Oxygen

mg/L

NA

--

0.99

2.64

ORP

Cmv

NA

0.8

25.5

26

14.6

35.7

52.8

34.6

32.3

ConductIvity

US/cm

NA

118

481

968

--

424

244

367

490

oH

NA

6.91

6.56

6.6

6.64

6.31

6.18

6.33

6.36

3/8/2004\\Edmdata\wproc\025\093\040\DC

Eval

Rpt_Tbs

234

and

plots

Table

ORC

borings
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TABLE3

Pae3of3

AOC-05

BASELINE

AND

POST-INJECTIONGROUNDWATER

DATA

MONITORING

WELLS

NA

no

preliminarycleanup

level

availablecompound

was

not

detected

at

given

detectionlimitIndicates

the

analyte

was

positivelyidentified

and

the

concentrationlisted

is

an

estimate

Not

Measured

Boxed

value

Indicatesconcentration

above

preliminarycleanup

level

-o CD -S -o -S C-

PreliminaryCleanupLevelsPre-ORCInjection

Post

ORC

InjectionBDC-1034/29/2002

EH92C

600-10361312002

EK6BC

600-1037/112002

ENO4C

BOG-lOS81/2002

EP36C

BDC-10312/212002

FA410

BDC-1033/10/2003

FH27C

BOC-1036/3/2003

FN4OC

11/19/2003

GB17D

TotalPetroleumHydrocarbons

mg/L

Gasoline

0.8

2001

2001

2401

2701

2501

isol

2201

1801

BTEX

pg/L

BenzeneToluene

71

200000

9801

16000

9601

17000

13001

16000

46001

18000

14001

.1

7801

15000

13000

9001

10000

8501J

8300

Ethylbenzene

29000

5400

5100

5200

5.200

5.000

5200

5.000

4500

m.p-Xylene

NA

20000

20000

20000

19000

22000

20000

20000

18000

o-Xylene

NA

7.000

7100

6800

6600

6900

6700

6600

5500

Total

Xylenes

NA

27000

27100

26800

25600

28900

26700

26600

23500

ConventionalParametersN-Nitrate

rng-NL

0.012

Sulfate

mgIL

--Methane

pg/IS.

630

FIeld

ParametersDissolved

Oxygen

mgIL

NA

021

0.39

0.20

0.69

0.33

0.21

0.17

0.38

ORP

mV

NA

44.2

-110.3

4.9

36.7

143.1

27

26

-74.6

Conductivity

uS/cm

NA

333

315

343

506

573

320

315

496

pH
lronll

mg/L

NA

6.75

6.77

6.66

6.65

--

6.74

--

6.85

--

6.59

--

6.05

5.5

-I

3/812004\\Edmdata\wproc\025\093\040\DC

Eval

Rpt_Ths
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TABLE

AOC-05 PREVIOUS QUARTERLY GROUNDWATER DATA

MONITORING WELLS

3/8/2004 \\dmdata\wpro.025\093\04O\DC Eval Rptjbs 234 and
plots

Table Previous MW data

DFT 001205

Landau Associates

Page of

PrelimInary Previous Data

Cleanup BDC-101 BDC-101 BDC-101 BDC-101

Levels 6/1 1/200 9/4/2001 12/3/2001 3/13/2002

Total Petroleum Hydrocarbons

mg/L

Gasoline 0.8 31 51 6.51 0.25

BTEX pg/L

Benzene 71 1t9 7.13J 951 1.4

Toluene 200000 10.7 1.6

Ethylbenzene 29000 113.1 50.4 750 4.4

Total Xylenes NA 109.2 53.8 650

CBI/ Personal Privacy Information



TABLE Page of

AOC-05 PREVIOUS QUARTERLY GROUNDWATER DATA

MONITORING WELLS

Preliminary Previous Data

Cleanup BDC-103 BDC-103 BDC-103 BDC-103

Levels 6/11/2001 9/4/2001 12/3/2001 3/13/2002

Total Petroleum Hydrocarbons

mgIL

Gasoline 0.8 1771 1231 1201 200

BTEX pg/L

Benzene 71 8751J 4941J 5100 1700

Toluene 200000 12010 3760 2300000 17000

Ethylbenzene 29000 1985 419 10000 4900

Total Xylenes NA 11430 2636 3400000 26400

NA no preliminary cleanup level available

compound was not detected at given detection limit

indicates the analyte was positively identilied and the

concentration listed is an estimate

Boxed value indicates concentration above preliminary cleanup level

DFT 001206

3/9/2004 \\Edmdata\wproc\025\093\040\DC Eval RptTbs 23.4 and plots Table Previous MW data Landau Associates

CBI/ Personal Privacy Information
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TABLE

.SWMU-20CUMULATIVE

BENZENE

CONCENTRATIONSPreliminary

Screening

Level

71

pgIL

Jan-94

May-95

Oct-95Feb-96

May-96

Aug-96

Nov-96Feb-97

May-97

Aug-97

Nov-97Jun-98Oct-98Jun-99Nov-99Jun-00Dec-00Jun-01Dec-ClJun-02Dec-02Jun-03Nov-03

-o CD -S -o -S C-

068

ND

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.3

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

060

ND

8.64

230.09

29.96

13.7

5.6

2.9

3.4

4.64.14.2

4.2

5.7

2.8

2.7

1.00

2.76

1.94

1.7

1.0

1.0

1.0

2.2

080

ND

225.74135.58104.73104.6

31.8

121

27.5

6.1

4.00

4.00

13.6

5.00

1.00

2.00

15.8

2.00

1.00

1.0

5.4

4.4

3.0

5.0

09A

ND

1.00

5.00

500.00

50.00

3.33

10.00

4.00

5.00

1.00

4.00

1.00

10.00

1.00

10.00

10.00

5.00

1.00

1.0

1.0

1.0

15

20

09B

ND

19.76

33.30

50.00

10.00

2.5

1.00

1.00

7.5

3.1

3.3

3.33

10.00

2.00

2.00

2.00

2.00

1.00

1.2

1.0

1.0

1.0

1.0

090

ND

1.00

5.00

10.00

1.00

9.6

2.4

6.3

9.3

4.8

3.6

1.7

2.5

t7

1.00

1.5

1.36

1.00

1.0

1.0

1.0

1.0

1.0

09D

ND

1.00

5.00

5.00

1.00

1.00

1.00

tOO

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

1OA

ND

1.00

5.00

50.00

10.00

1.00

3.33

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

1OC

ND

1.15

5.00

5.00

t33

1.4

1.4

1.5

1.4

1.2

1.3

1.3

1.1

1.1

1.00

1.4

1.23

1.00

1.3

1.0

1.0

1.0

1.0

11A

ND

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

100

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

12A

ND

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

13A

ND

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

130

ND

4.88

69.66

33.56

25.76

75

34.1

36.5

20.5

7.6

6.8

3.9

3.3

1.00

2.31

t16

1.0

1.0

3.6

6.9

2.7

14A

ND

1.00

5.00

20.00

1.00

10.00

5.00

4.00

2.00

2.00

2.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

14C

ND

1.00

5.00

5.00

26.44

22

11.7

10.00

10.00

10.00

4.3

2.8

4.64

2.5

1.2

1.4

1.33

1.00

1.0

1.0

1.1

1.0

1.0

14E

ND

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

15A

ND

1.00

5.00

5.00

5.00

2.00

1.00

4.00

2.00

1.00

2.00

3.33

10.00

1.00

10.00

10.00

10.00

1.00

1.0

1.0

1.0

5.0

5.0

150

ND

1.00

33.30

5.00

1.00

333

1.00

2.00

10.00

10.00

10.00

3.33

5.2

5.2

5.4

1.00

4.28

2.92

3.2

1.0

1.0

1.0

1.0

15D

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

16A

ND

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

109

49.8

1.6

46.03

38.88

15

1.0

1.0

1.0

1.0

16C

ND

1.00

5.00

10.00

1.00

3.3

31.2

11.3

14.4

182

1.7

15

8.3

10

64

7.8

4.33

4.99

4.5

1.7

2.6

1.2

2.8

17A

ND

1.00

5.00

5.00

1.00

78.8

27

1.00

1.00

1.00

1.00

11.2

1.00

1.00

1.00

1.5

1.00

NT

1.0

1.0

1.0

1.0

1.0

17C

ND

142.64

73.23

34.26

92.46

40.6

22.5

36.6

4.7

21.8

8.53

5.6

2.7

37

2.4

2.1

NT

1.00

NT

NT

NT

NT

NT

17D

ND

1.00

5.00

5.00

1.00

1.00

tOO

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

NT

1.00

NT

NT

NT

NT

NT

18A

ND

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

NT

NT

NT

NT

NT

180

14

8.77

5.28

.J

5.00

5.79

5.4

31

3.6

2.9

2.7

1.5

1.4

1.5

1.00

1.1

1.26

1.00

1.0

1.0

1.0

2.2

1.0

18D

ND

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

NT

NT

NT

NT

NT

19A

1.1

1.00

5.00

500

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

NT

NT

NT

NT

NT

19C

61

17.57

13.44

7.14J

10.46

6.8

5.6

6.8

6.2

3.4

2.9

2.2

1.8

1.8

1.3

1.2

1.43

1.3

1.0

1.0

1.0

1.0

1.0

19D

3.9

3.60

5.00

5.00

2.42

2.2

1.6

t9

1.7

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

NT

NT

NT

NT

NT

20A

ND

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

NT

NT

NT

NT

NT

200

ND

1.00

5.00

5.00

1.00

1.1

1.00

1.1

1.1

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.1

1.0

20D

ND

1.00

5.00

5.00

1.00

1.00

1.00

tOO

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

NT

NT

NT

NT

NT

21A

NT

NT

NT

NT

1.00

100

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

NT

NT

210

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

1.00

1.0

1.0

1.0

NT

NT

-Il -1 CD CD

NT

Not

Tested

ND

Not

DetectedIndicates

the

analyte

was

positivelyidentified

and

the

concentrationlisted

is

en

estimateSourceSSharedoc\025\093\Nov03SemiannualRpt\swmu2o_novo3_sum

Summary
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TABLE

SWMU-20

CUMULATIVETETRACHLOROETHENECONCENTRATIONSPreliminary

Screening

Level

pgL

Jan-94

May-95

Oct-95Feb-96

May-96

Aug-96

Nov-96Feb-97

May-97

Aug-97

Nov-97Jun-98Oct-98Jun-99Nov-99Jun-00Dec-00Jun-01Dec-01Jun-02Dec-02Jun-OSNov-03

068

27

5.87

14.4

9.62J

26.18

13.7

14.3

21.5

21.3

17

16.9

18.9

16.3

22.6

2.3

10.19

2.6

2.4

10

10

7.9

3.9

060

22

1.00

10.00

10.00

1.00

2.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

2.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

080

16

1.00

5.00

5.00

3.33

10.00

13.5

5.00

4.00

4.00

4.00

7.8

5.00

1.00

2.00

2.00

2.00

1.00

1.0

1.0

1.0

3.0

5.0

09.4

420

2568.3

1589

1970

7857

114

272

93

76

96.9

56.6

39.4

94

5.1

38

40

36.6

12.65

16

14

540

1800

1000

098

820

1972.7

668.1

1266

934.8

78.9

75.9

44.3

35

10.9

21.5

31.3

10.00

6.74

3.6

2.00

6.62

1.18

2.1

1.0

1.0

1.0

250

090

ND

11.32

5.00

10.00

1.24

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

09D

8.8

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

IOA

180

635.8

754E

468.85

242.1

114

342

67.5

77.8

76.5

70.3

72.5

86.4

38

21.5

16.6

21.63

30.3

11

24

24

34

58

1OC

6.9

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

hA

5.2

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

100

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

12.4

3.9

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

iSA

10

4.17

5.00

5.00

6.82

2.1

3.2

2.1

1.7

1.5

1.6

1.3

1.00

1.00

1.2

1.00

1.00

1.6

2.7

2.4

3.4

3.0

130

5.1

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

14A

410

4.42

5.00

133.57

96.06

11.2

5.00

4.00

2.00

2.00

2.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

140

7.2

9.02

10.53

8.64

5.44

6.1

1.00

10.00

10.00

10.00

2.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

ND

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

15A

11

1.00

5.00

5.00

5.00

2.00

1.00

4.00

2.00

1.00

2.00

3.33

10.00

1.00

10.00

10.00

10.00

1.00

1.0

1.0

1.0

5.0

5.0

150

13

1.00

33.30

5.00

1.00

1.1

1.00

2.00

10.00

10.00

10.00

3.33

1.00

2.00

2.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

15D

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

16A

1.6

1.10

5.00

5.00

1.00

1.7

1.00

1.1

1.00

1.00

1.00

1.64

1.03

1.3

2.3

2.2

1.00

1.00

1.0

1.0

1.2

1.2

1.1

16C

ND

1.00

5.00

10.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

17A

36

1.39

5.00

5.00

1.55

1.00

1.3

2.7

1.90J

2.2

1.00

2.6

2.4

2.5

2.1

2.8

4.15

NT

1.0

3.8

4.6

4.6

4.8

17C

36

1.00

5.00

5.00

1.00

1.8

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

NT

1.00

NT

NT

NT

NT

NT

17D

46

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

NT

1.00

NT

NT

NT

NT

NT

18A

5.4

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

t00

1.00

1.00

1.00

1.00

1.00

NT

NT

NT

NT

NT

180

4.6

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

18D

4.6

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

NT

NT

NT

NT

NT

19A

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

NT

NT

NT

NT

NT

190

6.5

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

19D

9.5

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

NT

NIT

NT

NT

NT

20A

3.4

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

NT

NT

NT

NT

NT

200

3.9

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

20D

4.3

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

NT

NT

NT

NT

NT

21A 210

NT NT

NT NT

NT NT

NT NT

1.00

NT

NT

1.00

NT

1.00

NT

1.00

NT

1.00 NT

1.00

NT

1.00

NT

1.00

NT

1.00

NT

1.00

NT

1.00

NT

1.00

NT

1.00 1.00

1.0 1.0

1.0 1.0

1.0 1.0

NT NT

NT NT

SourceSISharedoc\025\093\NovO3SemiannualRpt\swmu2o_novo3_sumSummary

-o CD -S Cl -o -S C-

-I FsJ

NT

Not
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ND
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Is

an

estimate3/912004\\Edmdata\wproc\025\093\040\DC
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Table

POE
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Associates
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TABLE

SWMU-20

CUMULATIVETRICHLOROETHENECONCENTRATIONSPreliminaryScreening

Level

81

pgiL

Jan-94

May-95

Oct-95

Feb-96

May-96

Auq-96

Nov-96

Feb-97

May-97

Aug-97

Nov-97Jun-98

Oct-98

Jun-99Nov-99Jun-00Dec-00Jun-01Dec-01Jun-02Dec-02Jun-03Nov-03

066

4.2

3.57

6.004

5.00

7.37

3.5

2.5

4.9

4.7

4.6

6.5

3.5

2.6

4.54

2.2

4.7

8.71

5.83

4.7

5.9

4.5

2.9

1.0

06C

1.6

1.00

31.36

10.00

1.00

2.00

1.00

1.00

1.00

1.00

1.00

1.00

91.6

2.00

100

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

08C

21

3.16

5.00

5.00

3.33

10.00

26.2

5.00

4.00

4.00

4.00

26.6

5.00

1.00

2.00

200

2.00

1.00

1.0

1.0

1.0

3.0

5.0

09A

500

1796.5

1507

2318

1160

90.8

191

49.3

51.1

69.2

56.4

15.4

77

3.5

35

23

24.3

25.21

32

24

580

990

1500

096

160

1463

524.7

1206

554

58.6

35.2

28.7

31.5

4.9

15.4

20.65

10.00

7.5

4.8

2.6

11.2

5.79

4.8

25

12

9.7

370

09C

ND

19.41

5.00

10.00

354

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

100

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

09D

2.2

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

10A

120

333.23

411

268.41

115.3

56.7

128

28.4

38.2

36.6

48.8

23.8

33.9

19.2

14

8.3

13.11

17.02

18

24

29

32

49

1OC

3.9

1.00

5.00

5.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

hA

2.41

5.00

5.00

2.54

1.9

1.00

1.00

1.2

1.6

1.00

1.03

1.00

1.00

1.00

1.00

1.00

1.0

1.9

2.2

2.2

2.8

12A

5.5

1.13

5.00

5.00

1.00

1.7

1.2

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.0

1.0

1.0

1.0

1.0

13A

31

12.23

5.00

9.574

16.52
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TABLE

SWMU-20

CUMULATIVE

CIS-1

2-DICHLOROETHENECONCENTRATIONS
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Screening

Level
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8.31
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1.9
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1.0

1.0

1.0

1.0
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1.0
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09A
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1.00

1.1

6.7

2.7

4.1

8.9

09D

5.1
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TABLE

SWMU-30

CUMULATIVE

VINYL

CHLORIDE

CONCENTRATIONSPreliminary

Screening

Level

525

pgIL

an-94
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13

36.53

31.8

52.29

44.78

54.5
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46.3

4.2

48.4
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8.9

12
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30

20.89
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41.7
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20.9
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146.7
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110

7.6

27
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19.4

59.8
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1.0
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TABLE 10

VAPOR INTRUSION MODELING RESULTS
BASED ON CONSERVATIVE ASSUMPTIONS FOR

BUILDINGS 9-90 AND 9-101

BOEING DEVELOPMENTAL CENTER

Groundwater Concentrations ug/L

compound was not detected at given detection limit

-- Not Measured

Notes

Groundwater concentrations shown in bold are those that were detected at or above the laboratory reporting limit

Shaded cells identity carcinogenic risk exceeding acceptable levels for single substance E-06 or multiple substances E-05 or noncarcinogenic risk exceeding

acceptable levels for single substance hazard quotient less than or equal to or multiple substances hazard index less than or equal to

Groundwater concentrations represented in this table include Zone data collected from the most recent available year of sampling events In most cases this data

was collected in June and November of 2003 In some cases i.e wells 18A 19A 20A and 21A semiannual sampling has been discontinued due to history of

nondetect sample results The most recent year of available data i.e semiannual data from 2001 or 2002 was used to characterize groundwater quality at these wells

Vapor intrusion modeling for Building 9-90 evaluated for vinyl choride only based on lack of delection other VOCs at monitoring wells adjacent to Building 9-90

3/1 0/2004 \\Edmdata\wproc\025\093\040DC Eval Rpt_Tbs 10 Ii Table 10

OFT 001212
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Location Date PCE TCE cls-12-DCE Vinyl Chloride Naphthalene

09A Jun-03 1800 990 2300 120 ThU
09A Nov-03 1000 1500 2300 180

bA Jun-03 34 32 88 36 Ii

1OA Nov-03 58 49 98 9.1

hA JUn-03 2.2 17

hA Nov-03 2.8 18

12A Jun-03 1.4

12A Nov-03

isA Jun-03 3.4 3.9 Ii

13A Nov-03 3.8

I4A Jun-03 23 28

14A Nov-03 170 240

15A Jun-03 370

15A Nov-03 Ii 490

16A Jun-03 1.2 1.3 2.4

16A Nov-03 1.1 1.2 1.3

17A Jun-03 4.6 7.4 1.4

17A Nov-03 4.8 79 1.6

18A Jun-01

18A Dec-01

19A Jun-01 154
19A Dec-01

20A Jun-01
5.48

20A Dec-01

21A Jun-02

21A Dec-02

Page of

Cumulative Health Risk Indices

Distribution assumed Lognormal Lognormal Lognormal Lcgnormal Lognormal

NumberofSamples 26 26 26 26 26

FrequØncyof Detection 38% 46% 54% 23% 15%
Maximum Detection 1800 1500 2300 240 490

Mean 112.85 100.90 194.08 24.66 39.50

Standard Deviation 395.65 344.62 621.23 6027 117.05

Mean log-transformed data 1.19 1.30 175 1.07 1.70

Std Deviation log-transformed data 2.09 2.03 2.39 1.84 L56
Geometric Mean 3.28 3.67 574 2.91 5.50

t-statistio normal dust only

H-statistic 4.11 4.03 4.60 371 3.29

UCL95 161 148 894 61 52

Exposure Point Concentration 161 148 894 61 52

Building 9-90 RIsk Summary
Indoor AIr Excess Cancer Risk E-06 E-06

Indoor Air Hazard Quotient 4E-03 4E-03

Building 9-101 RIsk Summary

Indoor Air Excess Cancer Risk 2E-07 4E-06 -- 6E-07 5E-06

Indoor Air Hazard Quotient -- 2E-03 7E-03 2E-03 5E-04 1E-02
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TABLE 11 Page of

SIMULATED VAPOR INTRUSION MODELING RESULTS

BASED ON MORE REALISTIC ASSUMPTIONS FOR
BUILDING 9-101

BOEING DEVELOPMENTAL CENTER

Groundwater Concentrations ugh

Location Date PCE ICE cls-12-DCE Vinyl Chloride Naphthalene

09A Jun-03 1800 990 2300 120 75

09A Nov-03 1000 1500 2300 180

1OA Jun-03 34 32 88 36

bA Nov-03 58 49 98 9.1

hA Jun-03 2.2 17

hA Nov-03 2.8 18

12A Jun-03 1.4

12A Nov-03

h3A Jun-03 3.4 3.9

13A Nov-03 3.8

14A Jun-03 23 28

14A Nov-03 170 240

15A Jun-Ô3 370

15A Nov-03 490

ISA Jun-03 1.2 1.3 2.4

16A Nov-03 1.1 1.2 1.3

17A Jun-03 4.6 7.4 1.4

17A Nov-03 4.8 7.9 1.6

18A Jun-01

18A Dec-01

19A Jun-01 1.54

19A Dec-01 1U 1U 1U 1U 1U
20A Jun-01 5.48

20A Dec-01

21A Jun-02

21A Dec-02

Theoretical Theoretical

Distribution assumed Lognormal Lognormal Lognormal Lognormal Lognormal

Number of Samples 5200 5200 5200 5200 5200

Frequency of Detection 0.19% 0.23% 0.27% 0.12% 0.08%

Maximum Detection 1800 1500 2300 240 490

Mean 1.56 t50 197 1.12 5.17

Standard Deviation 28.55 24.91 45.18 4.50 8.47

Mean log-transformed data 0.01 0.01 0.01 0.01 1.61

Sld Deviation log-transformed data 017 0.17 0.21 0.15 0.11

Geometric Mean 1.01 1.01 1.01 1.01 5.00

LJ t-statistic normal dist only
H-statistic 1.69 1.69 1.70 1.68 1.67

UCL95 1.02 1.02 1.04 1.02 5.04

Exposure Point Concentration 1.02 1.02 1.04 1.02 5.04

Cumulative Health 1115k Indices

Building 9-101 Risk Summary

Indoor Air Excess Cancer Risk 1E-09 3E-08 -- 1E-OB -- 4E-08

Indoor Air Hazard Quotient -- 2E-05 8E-06 3E-05 5E-05 1E-04

compound was not detected at given detection limit

-- Not Measured

Notes

Groundwater concentrations shown in bold are those that were detected at or above the laboratory reporting limit

Shaded cells identity carcinogenic risk exceeding acceptable levels for single substance E-06 or multiple substances E-05 or noncarcinogenic risk exceeding

acceptable levels for single substance hazard quotient less than or equal to or multiple substances hazard index less than or equal to

Groundwater corrcenlralions represented in this table include Zone data collected from the most recent available year of sampling events In most cases this data

was collected in June and November of 2003 In some cases i.e wells 18A 19A 20A and 21A semiannual sampling has been discontinued due to history of

nondetect sample results The most recent year of available data I.e semiannual data from 2001 or 2002 was used to characterize groundwater quality at these wells

2173 iterations of Identical theoretical data for assumed clean areas beneath
Building 9-101 are hidden from this table for viewing clarity

DFT 001213
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1.0 INTRODUCTION

This document presents work plan to conduct active remediation at Solid Waste Management

Unit SWMU -20 at the Boeing Developmental Center in Tukwila Washington The BDC is Resource

Conservation and Recovery Act RCRA corrective action site with remedial activites conducted under

the Washington State Department of Ecology Ecology Voluntary Cleanup Program VCP Preparation

of this work plan was authorized under Work Order No ENV-G-O4DC-019

Groundwater at SWMU-20 contains the dissolved volatile organic compounds VOCs

tetrachloroethene PCB trichloroethene TCE and breakdown products cis-1 2-dichloroethene cis-12-

DCE and vinyl chloride PCE and TCE were released from former vapor degreaser located in Building

9-101 Figure A-I Landau Associates 2002 groundwater treatment system was operated at SWMU

20 between Fall 1993 and December 14 2001 when the system was shut down to evaluate natural

attenuation as remedial alternative to achieve cleanup objectives Based on rebound of VOC

concentrations in number of monitoring wells that are located in the immediate vicinity of the former

vapor degreaser Boeing has proposed active remediation by enhanced in situ reductive dechlorination

through electron donor amendment Landau Associates 2003 This work plan describes injection of

electron donors sodium lactate and vegetable soybean oil emulsion and outlines groundwater monitoring

to be performed before and after injection

DFT 001215
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2.0 ELECTRON DONOR AMENDMENT

This section describes the general objectives of electron donor amendment evaluates existing

reductive dechlorination and redox conditions in SWMU-20 and describes proposed injection at SWMU
20

2.1 GENERAL OBJECTIVES

Electron donor amendment is designed to enhance and maintain the reducing aquifer conditions

required for reductive dechlorination of PCE TCE and associated breakdown products Electron donor

amendment stimulates reducing aquifer conditions that are required for reductive dechlorination and

provides organic carbon needed for bacterial growth Hydrogen provided by fermentation of organic

carbon reduces aquifer conditions Hydrogen is the electron used to replace chlorine atoms on the

chlorinated hydrocarbon compound through reductive dechlorination Following donor amendment to an

aquifer ubiquitous aerobic and anaerobic bacteria utilize the hydrogen to consume any electron acceptors

that may be present in the aquifer including dissolved oxygen DO nitrate manganese IV iron III

sulfate and CO2 These electron
acceptors are consumed in sequentially-occurring redox processes

chemical or biochemical
processes in which electrons are transferred known as oxygen reduction nitrate

reduction denitrification iron reduction sulfate reduction and CO2 reduction methanogenesis

Electron acceptors are consumed in this order because the use of each successive electron acceptor

releases less energy and bacteria preferentially use electron
acceptors that provide the

greatest energy

return Upon depletion of dissolved oxygen an aquifer is anaerobic and becomes more reducing with the

depletion of each successive electron acceptor

Chlorinated compounds e.g PCE TCE cis-1 2-DCE and vinyl chloride are electron acceptors

in the process known as reductive dechlorination In successive
steps of reductive dechlorination

individual chlorine atoms on the chlorinated hydrocarbon compound are replaced with hydrogen from the

electron donor Through reductive dechlorination PCE is reduced to sequential breakdown products

TCE cis- 2-DCE vinyl chloride ethene and ethane which ultimately degrades to CO2 and water Each

sequential breakdown step requires more highly reducing conditions than the previous step i.e cis-1 2-

DCE reduction to vinyl chloride requires more reducing conditions than TCE reduction to cis-1 2-DCE

PCE and TCE are highly oxidized chlorinated compounds that can be degraded under slightly reducing

conditions nitrate and iron reducing conditions while reductive dechlorination of less oxidized

breakdown products cis- 2-DCE and vinyl chloride requires sulfate-reducing to methanogenic

conditions Lu et al 2001 ITRC 1998

DFT 001216
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2.2 EXISTING CONDITIONS AT SWMU-20

Naturally-occurring reductive dechlorination processes are ongoing at SWMU-20 as evidenced

by the incidence of PCE and TCE breakdown products cis-l 2-DCE and vinyl chloride Landau

Associates 2002 2003 Observed reductive dechlorination indicates an existing source of organic

carbon sulfate-reducing to methanogenic aquifer redox conditions and the presence of bacteria required

for complete reductive dechlorination

Reductive dechlorination in SWMU-20 is currently supported by naturally-occurring organic

carbon Total organic carbon TOC concentrations of 247 mglkg to 1456 mg/kg were measured in soil

samples collected previously during the installation of five SWMU-20 monitoring wells These soil

samples were collected at depths ranging from 20 to 37.5 ft below ground surface BGS within

Duwamish River alluvium Landau Associates 1992

The occurrence of vinyl chloride at SWMU-20 indicates
sulfate-reducing to methanogenic redox

conditions and the presence of bacteria required for complete reductive dechlorination Reductive

dechlorination of cis- 2-DCE to vinyl chloride requires sulfate reducing to methanogenic conditions Lu
et al 2001 1TRC 1998 While bacteria capable of reductive dechlorination of PCE and TCE are

ubiquitous and varied in the environment Dehalococcoides bacteria capable of cis-12-DCE

dechlorination to vinyl chloride are less commonly occurring Ellis et al 2000 An extensive survey of

Dehalococcoides at multiple contaminated sites indicated that the bacterium was present at all sites where

complete reductive dechlorination of TCE occurred and conversely the survey did not find

Dehalococcoides at any sites where reductive dechlorination was stalled at cis-1 2-DCE Major et

2003

Donor injection has significantly enhanced reductive dechlorination at similar site where

naturally-occurring organic carbon is
present and reductive dechlorination was previously occurring

pilot test injection of sodium lactate enhanced reductive dechlorination at the nearby former Boeing

Electromcs Manufacturing Facility EMF within Boeing Plant where baseline sampling indicated

sulfate-reducing to methanogenic redox conditions and production of ethene Over the four-month period

following sodium lactate injection total VOC concentrations decreased 85 to 92 percent at three injection

wells and decreased 94 percent at monitoring well located 75 ft downgradient The cell density of

Dehalococcoides bacteria also increased two to four orders of magnitude compared to baseline PPC

2004

DFT 001217
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2.3 INJECTIONAT SWMU-20

Electron donor consisting of food-grade sodium lactate and vegetable oil emulsion will be

injected at wells in the immediate vicinity of the former vapor degreaser The combined application of

soluble fast-release sodium lactate and relatively insoluble slow-release vegetable oil is designed to

address both downgradient impacts and residual source material in the release area

Sodium lactate and vegetable oil emulsion will be mixed with groundwater pumped from

extraction wells El and E2 Figure A-i to form dilute solutions for injection at wells MW-9A MW-9B

MW-9C MW-6B MW-6C and new A-Horizon well to be installed near MW-6B and MW-6C In

accordance with Washington Administrative Code WAC 173-218 the site will be registered with

Ecologys Underground Injection Contro UTC program Given the large volume injections described in

the following section groundwater pumped from El and E2 is preferred over tap water to avoid dilution

and/or dispersion of the plume and to avoid the introduction of highly oxygenated water United Stated

Environmental Protection Agency EPA policy allows for reinjection of groundwater extracted from

contaminated area provided groundwater is treated to substantially reduce hazardous constituents prior to

reinjection with reduction of hazardous constituents occurring prior to or following injection EPA

2000

2.3.1 SoDIuM LACTATE INJECTION

Sodium lactate is an innocuous food-grade amendment that has been widely used as an electron

donor for injection to groundwater Sodium lactate is the salt of lactic acid Lactate occurs naturally in

milk and is used by the dairy industry during fermentation processes used to manufacture buttermilk

yogurt and other dairy products Sodium lactate is completely soluble in groundwater causing it to move

with the flow of groundwater Although the advance of lactate is somewhat retarded due to consumption

any retardation is expected to be less than of the VOC compounds targeted for remediation Lactate is

fermented to hydrogen and intermediates including propionate and pyruvate which also ferment to

hydrogen

Groundwater pumped from extraction well B2 will be used to dilute sodium lactate for injection

into monitoring wells MW-9A MW-9B and MW-9C Figure A-i Approximately 5000 gallons of

groundwater will be mixed with 550 gallons 10 drums of 60 percent sodium lactate solution to create

percent solution for injection Monitoring wells MW-9A MW-9B and MW-9C are screened from 11 to

21.5 ft 22 to 27 fi and 29 to 39.5 fi respectively Figure A-2 Due to an observed decrease in

concentration with depth Landau Associates 2002 2003 50 percent of the solution 3025 gallons will

DFT 001218
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be injected at well MW-9A and 25
percent 1512 gallons will be injected at each of wells MW-9B and

MW-9C

2.3.2 VEGETABLE OIL INJECTION

Vegetable oil is an innocuous food-grade amendment that has been widely used as an electron

donor for injection to groundwater Soybean oil is typically used because of its low cost relative to other

vegetable oils The concentrated emulsion to be used at SWMU-20 is composed of soybean oil 50

percent by volume lactic acid percent by volume water and food-grade emulsifying agents The

emulsion has reported oil droplet size of 0.5 micron which will allow the oil droplets to pass through

pore spaces in the aquifer and move out radially from the injection points These very small oil droplets

will adsorb to soil particles as they move with groundwater flow forming permeable barrier of

vegetable oil at residual saturation within the aquifer Over time oil will break down to hydrogen and

intennediate volatile organic acids that will move downgradient with groundwater flow for stimulation of

reductive dechlorination

Groundwater pumped from extraction well El will be used to dilute the vegetable oil emulsion

for injection into monitoring wells MW-6B MW-6C and new A-Horizon well to be installed just

upgradient east of the former vapor degreaser Figure A-i As an A-Horizon monitoring well is not

present near wells MW-6B and MW-6C we propose to construct new well screened from 10 to 20 ft

BGS for injection and monitoring Figure A-2 The new well will allow donor injection to the

Horizon beneath the former vapor degreaser Although the depth to groundwater was approximately 13 ft

BGS near the former degreaser in November 2003 groundwater has been observed in the past at depths

above the base of the former degreaser indicating seasonal saturation of underlying soil Landau

Associates 2002 Existing monitoring wells MW-6B and MW-6C are screened below the Horizon at

depths of 22 to 27.5 ft and 30 to 40.5 ft respectively Figure A-2 Approximately 4750 gallons of

groundwater will be mixed with 257 gallons of concentrated emulsion 50 percent oil to create an

injection solution containing 2.5 percent oil Due to an observed decrease in VOC concentrations with

depth Landau Associates 2002 2003 50 percent of the solution 2500 gallons will be injected at the

new A-horizon well and 25 percent 1250 gallons will be injected at each of wells MW-6B and MW-6C

The created permeable barrier of vegetable oil is designed to provide steady supply of hydrogen to

potential source material beneath the former degreaser and to the area near wells MW-9A and MW-9B

where some of the highest VOC concentrations have been observed

The new A-Horizon well to be identified as MW-6A will be located inside Building 9-101 near

the east end of the former vapor degreaser Well MW-6A will be constructed of threaded 2-inch diameter

schedule PVC casing and screen The screen 0.010-in slot size will extend from 10 to 20 ft BGS and
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sandpack consisting of 10/20 sand will extend from to 20 ft BUS An annular seal will be constructed

of hydrated bentonite chips from 1.5 to ft BUS and the well will be completed with flush-mount

monument

DFT 001220
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30 GROUNDWATER MONITORING

Groundwater monitoring will be performed at SWMU-20 wells to evaluate the effects of donor

injection and to evaluate the need for subsequent donor amendment Prior to injection groundwater

monitoring will be performed at regularly sampled SWMU-20 wells and new well MW-6A to establish

baseline conditions Subsequent to donor injection regular semiannual monitoring will be performed and

select SWMU-20 wells will also be sampled quarterly

Groundwater monitoring will consist of groundwater sampling for measurement of field

parameters and laboratory analysis Oxidation reduction potential ORP pH DO and dissolved ferrous

iron iron II will be measured in the field Samples will also be submitted for laboratory analyses of

VOCs total organic carbon TOC sulfate ethene ethane and methane Field and laboratory methods

are listed for each parameter in Table A-i along with brief description of the information obtained from

each parameter Analytical Resources Inc AR of Seattle Washington will perform or subcontract the

remaining analyses under their existing contract with Boeing

3.1 BASELINE MONITORING

The purpose of baseline monitoring is to evaluate VOC concentrations and aquifer redox

conditions prior to donor amendment Baseline monitoring will be performed at regularly sampled

SWMIU-20 wells and new well MW-6A during the next semiannual sampling event scheduled for June

2004

3.2 FOLLOWING ELECTRON DONOR AMENDMENT

Following electron donor injection monitoring will be conducted at SWMIU-20 wells to evaluate

the effectiveness of injected donor at stimulating more reduced aquifer redox conditions and enhanced

reductive dechlorination Monitoring results will also be used to evaluate the need for subsequent

injections of vegetable oil and/or sodium lactate electron donor Regular semiannual monitoring will be

performed at SWMU-20 wells Quarterly monitoring will be performed at the six injection wells the

new A-Horizon well MW-6A MW-6B MW-6C MW-9A MW-9B and MW-9C and at downgradient

well MW-14A and crossgradient well MW-bA where rebound of one or more VOCs has been observed

since shutdown of the groundwater treatment system

DFT 001221
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4.0 DATA EVALUATION

The primary measure of enhanced reductive dechlorination will be an ultimate decrease in the

concentrations of PCE TCE and breakdown products cis- 2-DCE and vinyl chloride The rate and

effectiveness of enhanced reductive dechionnation will be assessed through changes in concentrations of

PCE TCB and breakdown products PCE breakdown products TCE cis-l2-DCE and vinyl chloride

may initially increase then decrease in concentration

Aquifer redox conditions will be evaluated based on ORP and concentrations of DO iron II

sulfate and methane Three degrees of aquifer redox aerobic transitional and anaerobic and reducing

will be evaluated as follows Beil et al 2002

Aerobic DO mgIL ORP mY

Transitional DO mgIL ORP mV

Anaerobic and Reducing DO mgfL ORP mY

As described in Section 2.2 current conditions appear to be sulfate-reducing to methanogenic which is

considered anaerobic and reducing DO and ORP are often less-than-reliable indicators of redox

conditions as they are difficult to measure consistently and accurately Therefore aquifer redox

conditions will also be evaluated based on observed iron-reducing conditions increasing concentrations

of iron II sulfate-reducing conditions decreasing concentrations of sulfate and methanogenesis

increasing concentrations of methane

Increasing TOC concentrations are considered the most reliable indicators of the downgradient

extent of electron donor Observed changes in other parameters may result from aquifer changes that

occurred upgradient and were carried by groundwater flow to downgradient monitoring locations

Concentrations of TOC above background indicate the presence of volatile organic acids with hydrogen

available to enhance reductive dechlorination at the monitoring location TOC groundwater

concentrations of less than 10 mgfL are considered to be TOC depleted Maierle and Cota 2001

DFT 001222
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5.0 SCHEDULE

We propose to install the new A-Horizon well MW-6A during May 2004 so it can be included

in baseline sampling to be conducted during semiannual monitoring in June 2004 Following collection

of baseline data donor injection will be completed in June or July 2004 Regular semiannual monitoring

will continue to be performed in December and June Select wells will also be monitored quarterly in

September and March Section 3.2 Based on monitoring data subsequent injections of electron donor

may be required which would need two to four days for each event

OFT 001223
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6.0 REPORTING

Monitoring results will be provided in semiannual groundwater monitoring reports regularly

prepared for the Developmental Center

Li DFT 001224
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7.0 USE OF THIS REPORT

This Work Plan has been prepared for the exclusive use of the Boeing Company for

specific application to SWMU-20 at the Boeing Developmental Center No other party is entitled to rely

on the information conclusions and recommendations included in this document without the express

written consent of Landau Associates Further the reuse of information conclusions and

recommendations provided herein for extensions of the project or for any other project without review

and authorization by Landau Associates shall be at the users sole risk Landau Associates warrants that

within the limitations of scope schedule and budget our services have been provided in manner

consistent with that level of care and skill ordinarily exercised by members of the profession currently

practicing in the same locality under similar conditions as this project We make no other warranty either

express or implied

This document has been prepared under the supervision and direction of the following

key staff

LANDAU ASSOCIATES INC

Clinton Jacob P.E

Senior Project Engineer

CLJ/JRN/tam/pcs
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TABLE A-i Page lof

BOEING DEVELOPMENT CENTER SWMU-20

GROUNDWATER MONITORING PARAMETERS

Field Parameters Information Provided

Dissolved Oxygen DO Aquifer is considered anaerobic at DO concentrations less than

meter and single-use reactive ampoules 1.0 mg/L

Oxidation Reduction Potential Redox Negative values indicate reducing conditions

meter

pH May decrease due to injected donor Ideal for reductive

meter dechlorination in the range of to

Ironll test kit Concentrations above background indicate iron reducing conditions

Laboratory Analyses Information Provided

Volatile Organic Compounds VOCs Concentrations of chlorinated VOCs and breakdown products

8260 are indicative of reductive dechlorination and pathways

ml VOA-HCI

Total Organic Carbon TOC Will increase due to arrival of volatile fatty acids released from

415.1 ml Amber-H2SO4 injected sodium lactate and vegetable oil

Sulfate Decreasing concentrations indicate sulfate reducing conditions

Method E300 ml poly

Ethene/EthanelMethane Concentrations of ethene and ethane are indicative of reductive

8015 Mod dechlorination and pathways Increasing methane concentrations

ml VOA indicate methanogenic conditions

Notes

Measured using flowthrough cell

Care to be taken during sample collection to minimize aeration and volatilization

DFT 001229
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